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Antisera and Antigens 


Enteropathogenic Coli Klebsiella 
Salmonella Shigella 


Brucella Leptospira Streptococci 
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C Protein Antiserum and Standard 
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Infectious Mononucleosis Antigens and Standards 


Potent 
Stable 


Specific 


Descriptive literature available on request 


Specify 
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Aloe-Narda 

Ultrasonic 

Cleaning Equipment is 
Fast 


Low Cost 
¢ Efficient 


The right generator plus the proper 
transducerized tank furnishes the ideal 
ultrasonic system for cleaning almost 
anything you can think of . . . Glassware, 
hot lab apparatus, medical instruments, 
electronic components, optical and technical 
mechanisms . . . and so on. Whatever the 
problem, these ultrasonic systems can be 
the answer to doing it faster, cheaper, and 
more efficiently. 

Operation is simple and easy. Just plug 
into any 115V, 60 cycle outlet. Fill the 
tank. Add detergent. Flip the switch. 
Immediately, swift precision cleaning 
economies are yours. Excellent for other 
uses too — like brightening, polishing, 
decontaminating, pickling, deburring, 
plating and degassing. 


To determine the exact model you need, write 
for prices and more details, now. 


aloe scientific 
DIVISION OF A. S. ALOE COMPANY 
5655 Kingsbury ¢ St. Louis 12, Missouri 
Fully-Stocked Divisions Coast to Coast 
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NEW 
AND 
HEMOGLOBIN 
DETERMINATIONS 


- Assures greater precision in the daily 
standardization of your photometer 
and the periodic construction of your 
calibration curve. Each hermetically- 
i sealed: ampul contains an analytically 


Acuglobin 


HEMOGLOBIN STANDARD 


measured, exact amount of cyan- 
ay mg. Hb. 
per 100 ml. ~ methemoglobin of assured purity and 


stability. 


Facilitates the rapid preparation of 
diluent for accurate hemoglobin deter- 
minations by the cyanmethemoglobin 
method. Simply dissolve a stable, 
standardized, sealed-in-foil pellet in 
250 cc. of distilled water. 


Ortho Pharmaceutical Corporation 
RARITAN, NEW JERSEY 
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the only pre- 
pared media in 
disposable, non- 


Shattering plas-. ~ 
tic tubes! 


with standard 
cotton plug and 
“snap cap! 


now! for faster, more accurate fungal and bacterial diagnosis... 


disposable, standard size, non-shattering 
plastic plates and tubes with prepared culture media 


Save technicians’ valuable time 
for productive use! Save space 
now being wasted to stock un- 
usual formulae! Get accuracy 
of standardized formulae... 
convenience and speed of 
sterile, ready-to-use prepared 
culture media, many of them 


exclusive with Media, Inc.! 14 
fungal culture media, 34 bac- 
terial culture media, new cystic 
fibrosis test agar—all in dispos- 
able plastic containers that 
eliminate glassware washing, 
breakage! 


PRICE SCHEDULE 


Number Price 
of a kind per plate 


38 0.57 

144 0.54 
OTHER FORMULAE MADE TO ORDER, 
AS YOU SPECIFY. For details, list 
of stock formulae, write for com- 
plete price list. 


Price 
per tube 


The EMIL GREINER Co, GR) 20-26 ». woons simees 225, 6. ¥. 
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methods, 
like people, 
have a time 
for 
66 99 
STOWE up 


It often takes a long time for some laboratory procedures to “grow up.” 
Some never do. 

Then it becomes necessary to replace them with altogether new ideas 
and methods. 

Now, acid phosphatase testing has reached its growing-up time. 
PHOSPHATABS,ACID is the catalyst of this change. 


PHOSPHATABS,ACID provides the most accurate measure ever available 
for determining whether a patient’s acid phosphatase is normal or 
abnormal. 


PHOsPHATABS,ACID rapidly and simply measures, without the need for 
any inhibition, specific acid phosphatase levels...acid phosphatase from 
red cells is just not picked up. 

And the PHospHATABs,ACIb error from blank in the borderline zone is 
only 5 per cent of total—compared with 50 to 92 per cent for all tradi- 
tional methods. 


The color obtained with PuosrHarass,Acip is due to the presence of 
prostatic acid phosphatase. 


Phosphatabs, Acid 


Available in 48-test boxes with TESWELLS at $15.00 a box* 
12-test boxes with TESWELLS at § 7.50 a box 


GENERAL DIAGNOSTICS owsion WARNER -CHILCOTT ov. wonme ma 


*Make sure you order by the full name: PuospHarass,Acip. An order for just 
“PHOSPHATABS” widl bring the simplified kit for alkaline phosphatase testing. 
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VOLUMETRIC SOLUTION 
CONCENTRATES 


HARLECO concentrates are precisely measured on specialized equipment. This 
pre-standardization in a concentrated form assures the chemist a satisfactory 
solution in a matter of minutes. Minimum space is required to carry on hand 
the small sealed box which contains the exact measured quantity for rapid 
dilution to a 1000 mi. volume of the labeled strength. Dilution to 500 ml. pro- 
vides an exact double strength or to 2000 ml. just half the labeled normality. 
Write for new Harleco Catalog Supplement No. 582 Second Edition. 


Haoleco Products ave avaclatle off your supply house 


HARTMAN-LEDDON COMPANY 


60TH & WOODLAND AVENUE * PHILADELPHIA 43, PENNSYLVANIA * U.S.A. 
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Shown set up for 
continuous flow operation 
(Cover normally closed) 


The model LRA is the first automatic refrigerated centrifuge of 
its kind. Like the non-automatic Model LR, it has the newest and 
most efficient refrigeration design ever introduced. By proper 
placement of cutouts, baffles and deflection plates, a smooth 
forced air circulation system is set up. The warm air coming off 
the rotor flows around large surface area cooling coils on the side 
and bottom of the chamber. Upon emergence in the cooled form, 
the air flows onto all portions of the rotor. This system permits 
the cooling of any Lourdes’ rotor from ambient to 0°C within ten 
minutes by spinning at slow speed. Rotor temperatures are easily 
maintained at 0°C and lower during full speed extended runs, 
and as low as —15°C at lesser speeds or for shorter runs. 


By merely throwing a toggle switch, a 1 Hp. motor automa- 
tically accelerates any rotor to a pre-set speed . Lourdes’ electro- 
dynamic push-button braking system provides for smooth rotor 
stopping in a fraction of unbraked stopping time. A time delay 
relay releases the braking action at slow speed and permits the 
rotor to stop naturally without disturbing the sediment. This same 
centrifuge is now available with a 1% Hp. motor drive (Model 
LRA-1) to provide higher speed and force with the smaller rotors. 


Each centrifuge comes adapted to accommodate the new 
Lourdes’ continuous flow system at no additional cost. The con- 
tinuous flow rotors with polyethylene liners, in addition to ease of 
operation, assembly and disassembly, also offer fast flow rate, 
high speed and force and greater collection capacity than any 
comparable continuous flow centrifuge. New time saving ap- 
plications for these rotors are being discovered daily. 


Every Lourdes’ instrument is guaranteed for a period of one 
year and this guarantee insures customer satisfaction. 


Super-Speed 


REFRIGERATED 


CENTRIFUGE 


%& Fully automatic rotor acceleration 

%& Push button Electro-Dynamic Braking 
(smooth stopping) 

%& Accommodation for new continuous 
flow system* 

Automatic unbalance Electrical Safety 


* new 3 Wer copecity 


rotor (10,000 X G) 


& All Lourdes’ rotors directly inter- 


changeable 
% Unsurpassed refrigeration efficiency* 
* oe tachometer and synchronous 


Compete safety contro 


Write for New General Catalog refer tc cm59 


Catalog includes: 


@ Refrigerated centrifuges* 
Non-Refrigerated centrifuges 
@ Automatic Centrifuges 
@ Non Automatic centrifuges 
Continuous flow centrifuges* 
Rotor data 
@ Multimixer—All purpose homogenizer 
© Volumixer—targe capacity homogenizer 


Sole distributor in Canada 
Canadian Laboratory Supplies Ltd. 


also 
Nationwide U.S.A. Dealerships 


LARGEST MANUFACTURER OF SUPER-SPEED CENTRIFUGES. ESTABLISHED 1944 


LOURDES Instrument Corp. 


53rd STREET & Ist AVENUE 
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Cambridge REAGENTS = 


FOR CLINICAL LABORATORIES | 


HAYEM’S TABLETS 


Here is a rapid hod in p 
for counting erythrocytes. 
oven tablets are modified to 
300 ML of diluting fluid Lcd t 
preparation of this 


paring Hayem’s Diluting Fluid 
t the 


1 of 10 tablets 


Camco No. 2002 19 Rott 


SEQUESTERIZED 0.1% SODIUM 
CARBONATE TABLETS 


One ae makes 500 ML of 0.1% sodium carbonate solution as 
used deter according to the method 
of Sheard and Sanford. 


Dipotassium ethylenediamine tetracetate in tablet eliminates color 
fading due to metallic salts in distilled water. 


Camco No. 2001 of 50 tablets 


AMMONIUM POTASSIUM OXALATE TABLETS 


For use in Hematology work. You simply P 4 one tablet into 
blood collection tube. Add one drop of distilled water to dis- 
perse tablet and invert tube fo four to five times with 5 of 
venous blood. Recommend use within twelve hours. 


Camco No. O01 i Bott 


GUAIAC—TABS 


For the detection of occult blood in sputum, feces 

and urine. Place sample of re (feces, urine 

or sputum) on tablet a 2 of 

cute acid, 2 drops of bydroges and read blue 
r on filter paper as occult 1, 2, 3, 4. 


Camco No. 1008 |, Battle, of 50 tablets 


NEw 


plus 


S-DIPHENYLCARBAZONE TABLETS 


For preparation of the indicator used in the determination of 
chlorides according to Schales and Schales. 


Crush one tablet with stirring rod in 50 ML of 95% Ethyl 
Alcohol. Stir until tablet is Tisclred S-Diphenylcarbazone is 
pavenena in liquid form—Now fresh solutions can easily be 
prepared. 


Camco No. 101 1 Bottle of 20 Tablets 


STAN DARD SCIENTIFIC 


M/10 SODIUM 
OXALATE TABLETS 


A rapid method to 
pare M/10 sodium = 
solution as used 
quick hod 
mination. 

Just dissolve one tablet into 25 ML of dis- 
tilled water to prepare that amount of solu- 
tion . . . Ready for use! 


Camco No. 2004 
1 Bottle of 50 tablets 
Bottles 


the hi. 


BLOOD ANTI-COAGULANT TABLETS 


For Use in Blood Ch y Deter 


POTASSIUM OXALATE 


For use in blood chemistries requiring use of 
whoie blood. 


LITHIUM OXALATE 


For use in uric acid determinations as ad- 
vised by Folin. 


SODIUM FLUORIDE 


For use as preservatives as well as anti- 

coagulants. 

Place one tablet into blood ‘eallention tube. 

Add one drop of distilled water to disperse 

tablet. Invert tube four to five times with 
5 ML of venous blood. 


1 Bottle of 200 tablets 
PRICE 12 Bottles 


REFERENCES: Folin, O.: An Improved 
Method for the > of Uric Acid 
in the a Jour. Biol. Chem. 86: 179-187 


: The Preservation of Blood 


for Chemical Analysis, Jour. Biol. Chem. 
58: 1-15 (Nov.), 1932. 


LABORATORY 
APPARATUS 


REAGENTS 


808 BROADWAY 
Supply Corp. NEWYORK3 NY 
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___Keodak reports on: 


trapping photons and transferring their energy...a device with enormous 
potentialities for inventiveness ...who can tell you how to speed up time 


Old model resonator 


Look—with the eye of a quantum mechanic—at 
this marvelous little molecular resonating ma- 
chine. For the trifling sum of $16.65 we can 
supply 400 quintillion of these machines. They 
will weigh 14 gram, all told, and will come in a 
small bottle labeled Neocyanine (Eastman 2067). 

The two iodines come separately packed in the 
crystal lattice as ions. The points where they 
were detached, at the quaternary nitrogens, are 
positively charged, of course. Either of these two 
positive charges can be sent skittering back and 
forth through the branched chain of conjugated 
carbon atoms to bounce off the third nitrogen 
atom. All it takes to set the machine resonating 
thus is a photon of light or infrared that carries 
the difference in energy between quiescence of 
the positive charges and resonance thereof. 

This little resonator has proved useful for 
trapping photons and transferring their energy 
to silver halide crystals. The silver halide there- 
upon responds photographically to wavelengths 
it would otherwise miss. 

This is a 1925 model. We have since devised 
thousands of more advanced models of this 
basic type of resonator, but stock only the above 
and five other simple ones for off-the-shelf de- 
livery: Cryptocyanine (Eastman 1334), Dicyanine 
A (Eastman 1532), Pinacyanole (Eastman 622), 
Pinaflavole (Eastman 1842), and Orthochrome T 


(Eastman 623). As dyes they are exceedingly 
powerful. 

For a discussion of the working parts from which such ultra- 
subminiaturized electronic machines can be built by the skillful 
worker, see a paper entitled “A Century of Progress in the 
Synthesis of Dyes for Photography.” You can get a copy from 
Distillation Products Industries, Eastman Organic Chemi- 
cals Department, Rochester 3, N. Y. (Division of Eastman 
Kodak Company). The latest catalog, No. 41, lists some 3700 
other compounds for research. 

The cyanine dyes possess interest not only in applied physics 
but in biology as well. Many of them have strong and useful 
antifilarial, anthelmintic, and bacteriostatic activity, That the 
inhibition of E. coli by one of them has been found reversible 
by crude yeast and liver extract fascinates us. 


They transduce 


We make Kodak Ektron Detectors like these for 
transducing a visible or infrared pattern into 
electrical terms. The darker material is photo- 
conductive lead sulfide or lead selenide; the elec- 
trodes (actually evaporated gold) appear grey 
here. Since we can lay down the photosensitive 
material in any configuration, enormous poten- 
tialities for inventiveness present themselves. 
Whether you seize them is entirely up to you. We 
offer a pamphlet, “Kodak Ektron Detectors.” 


You get it by writing Eastman Kodak Company, 
Special Products Division, Rochester 4, N. Y. It 
describes what spectral sensitivities and time con- 
stants can be selected and very, very briefly sum- 
marizes the circuitry considerations—a_ little 
rough, perhaps, for persons with casual inter- 
est in this sort of thing. It does tell enough to 
place an order for breadboarding purposes or 
a request for quotation. 


Months to seconds 


A Cine-Kodak Special Camera made most of the 
movies you have ever seen of a bean developing 
into a bean plant or a cow pasture developing 
into a steel plant. The Cine-Kodak K-100 Camera, 
which lists from $299, can likewise be adapted 
for this technique. No great resources in mechani- 


cal skills or facilities are demanded. Mr. Fred 
O’Brien, Eastman Kodak Company, 400 
Plymouth Avenue North, Rochester 4, N. Y., 
can tell you how to go about it. 


Prices quoted are subject 
to change without notice. 


This is another advertisement where Eastman Kodak Company 
probes at random for mutual interests and occasionally alittle rev- 
enue from those whose work has something to do with science 
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FARRAND. 
Photoelectric FLUQROMETER 


The Farrand Photoelectric Fluorometer assures precise per- 
formance in fluorometric assay. 

The instrument is designed to render linear response and 
stability over a wide range of sensitivities for measurements 
of extremely low concentrations in micro or macro volumes. 
Used by leading scientists throughout the world. 


Engineering 
Research Development 


FARRAND OPTICAL CO., INC. FORT 


Electronic and 
Bronx Boulevard and East 238th Street, New York 70, N. Y. Sdeatitie testuemeats 


Bulletin No. 803R, with list of users, sent upon request. 
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Paragon Stains Paramount Quality 
Fated and proven stains of the very highest quality 


PAPANICOLAOU STAINS—PARAGON 


EA-36 EA-65 OG-6 
Harris Hematoxylin (modified) 


Papanicolaou Stains prepared according to the original formulae for the 
cytological diagnosis of cancer by means of the smear technic. 
These stains conform to Paragon’s rigid standard of excellence in every 
way at a modest cost that renders preparation by the laboratory technician 
unnecessary. 

STABLE READY TO USE 
Each lot of stain is tested against smears in our laboratories for correct 
differential staining, color balance and transparency. 


PAPANICOLAOU STAIN—PARAGON EA-36 
For general staining of vaginal and cervical smears and in endocrine 
studies. 

PAPANICOLAOU STAIN—PARAGON EA-65 
For staining smears containing much mucus as sputum, gastrie and 
pleural fluids, ete. Similar to EA-36 but yielding better differentiation 
in the presence of mucus. 

PAPANICOLAOU STAIN—PARAGON OG-6 
The Orange G stain for use with EA-36 and EA-65 in the Papanicolaou 
technic. 

HARRIS HEMATOXYLIN—PARAGON (modified) 

For Papanicolaou Staining 
A modified ready to use Harris Hematoxylin Stain speciaily formulated 
for Papanicolaou staining. It yields a sharp blue nuclear stain with no 
staining of the cytoplasm. 

PAPANICOLAOU STAINS—PARAGON are packed in two convenient sizes 
only, a 250 ¢.e. and a 500 ¢.c. bottle. 


500 c.c. 250 c.c. 
Name Catalog No. Bottle Bottle 


HARRIS HEMATOXYLIN—PARAGON (modified) PS1281 $2.25 
For Papanicolaou Staining PS1291 
PAPANICOLAOU STAIN—PARAGON EA-36 PS1282 3.85 
PS1292 
PAPANICOLAOU STAIN—PARAGON EA-65 PS1283 3.85 
PS1293 
PAPANICOLAOU STAIN—PARAGON OG-6 PS1284 3.25 
PS1294 2.00 


Write for catalogs 957A & 957B fully describing Paragon Staining Solutions, Chemical 
Reagents and Solutions and Paragon Tray Drawer Cabinets and accessories 


All prices F.O.B. New York, New York, subject to change without notice. 
Manufactured exclusively by 


PARAGON C. & C. CO., INC., 2540 Belmont Ave., New York 58, N.Y. 


Cable address: Wijeno, New York 
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Localizing accumulated radioiodine in 
thyroid remnants with the 6 mm needie 
probe to assure complete thyroidectomy. 


Needle probes are provided in these sizes: 
2mmxt0cm (2.5 mil stainless steel wall) 
3mmx10cm (2.5 mil nickel wall) 
6mmx15cm (2.5 mil nickel wall) 

All probes are easily interchanged by loosening 
and tightening a simple hand nut. 


New Versatile Nuclear-Chicago 
Scintillation Probe 


Designed for the surgeon, radiotherapist or gynecologist, the new 
Nuclear-Chicago Model DS8 Scintillation Detector is ideal for 
application in brain tumor localization, pinpointing radioisotope 
concentrations in thyroid or neoplastic tissue, and estimating 
radiation doses in radiotherapy. The detector, with three unique, 
interchangeable needle probes, is a compactly-designed, conven- 
ient, lightweight instrument with the complete reliability and 
accuracy so essential to medical applications. 

This rugged detector weighs less than 5 ounces and is only one 
inch in diameter. It can be sterilized in solutions commonly used 
in the operating room, is corrosion-proof, and its quality com- 
ponents provide practically infinite life. The beta-gamma sensitive 
crystals are mounted in the needles in such a way that the active 
volume is confined to the very tip of the probes. 


For more than 12 years we have been designing and manu- 
facturing for the medical profession high quality instrumentation 
for detecting and measuring radioactivity. We will be pleased to 
provide you with full information on the Model DS8 Scintillation 
Probe and on other Nuclear-Chicago instruments for clinical use. 


ate creating new in 


nuclear - chicago 


WEST ERIE STREET CHICAGO 10, ILLINOIS 


' 
— 


the completely new, 2-speed 
SANBORN Model 100 VISO-CARDIETTE 


Here is an electrocardiograph in which no detail has been overlooked 
to give you diagnostically accurate information ...the greatest 
possible operating convenience ...and modern, functional attractiveness. 
With thirty-five years of experience, this is the finest electrocardiograph 
Sanborn Company has ever produced. Priced at eight hundred fifty 
dollars, delivered continental U.S. A. 


SAN BORN COMPANY 
MEDICAL DIVISION + 175 Wyman St., Waltham 54, Mass. 
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to determine ASTO" in streptococcal infections... 


B- BL offers a complete line of standardized and 
interstandardized titration reagents combining 
maximum stability and accuracy of results...with 


a new ease of performance. 


STREPTOLYSIN O REAGENT... Desiccated 
ai antigen—instantly restored with distilled water. 
STREPTOLYSIN O BUFFER... For diluting sera 


and red cells. 

ANTISTREPTOLYSIN O CONTROL SERUM 
a ) pe ... A standardized control to confirm accuracy of 

test. 


WASHED POOLED RABBIT CELLS... Ready to 
dilute for use as indicator of the antigen-antibody 


*As an aid in the differential diagnosis of rheumatic fever, snntitinds 


physicians are increasingly requesting antistreptolysin O 
determinations (ASTO) as evidence of infection with Literature on techniques and reagents sent on re- 
group A streptococci. Also for immunological and epidemi- quest-write for folder 55-270. #3 

ological studies. 


BALTIMORE BIOLOGICAL LABORATORY, INC. 


BALTIMORE 18, MARYLAND 
a A DIVISION OF BECTON, DICKINSON AND COMPANY 


tin automatic tissue processing was 


this first Autotéthnicon introduced in 1928. 


Almoitthree decades of continuing improve- 


ment culminate in.the new Autotechnicon “duo” 


| G¥Gilable at the flip of a switch and 


withouPagving to change beakers. 


® 


the 


echnicon 


trailblazer in histologic automation 


THE TECHNICON COMPANY e« CHAUNCEY, NEW YORK 


Bon... 
: 
Primitive by today’s stan s (it held only six 
54  Selution-changes) but what a n it 
\ ‘ough in pathology laboratory procedure! 
first row 
af 
a \ 
. fifst fo combine separate processing and | 
| “staining facilities on the with 
] > 
, @ name you can bank on tor quality . efficiency . progress 


STAPHYLOCOCCUS 
TYPING 
BACTERIOPHAGE 


For STAPHYLOCOCCUS AUREUS Strain identification 


by bacteriophage lysis 


29 types available including the important 
etiological group, i.e., types 42 B, 52, 80 and 81 


Supplied in stable, lyophilized state; 


simple and easy to use; phage cost less than 1 ¢ per test. 


FOR PRICES AND DESCRIPTIVE DATA WRITE FOR BULLETIN J-21 


Ref: Zierdt, C. H., American Journal of Clinical Pathology, Vol. 31, $3, March, 1959 


MICROBIOLOGICAL ASSOCIATES * INC 
4813 Bethesda Avenue, Bethesda 14, Maryland / Oliver 4-3400 


503 San Pablo Avenue, Albany 6, California | Landscape 6-6228 
24 N. Wabash Avenue, Suite 822, Chicago 2, Illinois | Financial 6-9532 
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a prothrombin time control: 
can be..., should be..., and why. 


Your normal prothrombin time control can 
be fresh human plasma from five normal 
individuals ... pooled to minimize the vari- 
ables that may be present in single controls 
due to drugs, stress or other causes. 


It can be duplicate determinations on the 
plasmas of five normal individuals with the 
results averaged. 


Anything less can provide a distorted base- 
line to the clinician in planning his therapy. 


Your control should be DIAGNOSTIC 
PLASMA WARNER-CHILCOTT. 


For DIAGNOSTIC PLASMA is prepared by 
pooling hundreds of normal plasmas; then 
individual clotting factors are titrated to 
give you a truly normal control. 


DIAGNOSTIC PLASMA, as your control in 
prothrombin time determinations, decreases 
the biological variables of a single control. 


DIAGNOSTIC PLASMA will give you results 
new, consistently identical with those of pooled 


human plasma, assuring your patient of 
from our accurately controlled anticoagulant dosage. 


Coagulation And why ...the importance of your using a 
truly normal control, and other problems 

Research that may occur when performing prothrom- 

bin times, are covered in the teaching film 

Laboratory strip “Determining Prothrombin Activity”.* 


DIAGNOSTIC PLASMA is available from 
po leading laboratory supply distributors in 
i G boxes of ten 0.5 ml. vials. 


Thromboplastin Generation Test Reagents 


Diagnostic Plasma 


* The teaching film strip (35 mm with 
33% record) “Determining Prothrombin Activity 


— available at no charge from 


For TGTR information write: 


GENERAL DIAGNOSTICS owsion WARNER CHILCOTT oy comme 


7 
—— SPASMS 


| NOT 800 SUPPLIERS— 


That’s what Harshaw Scientific offers the laboratories— 
ONE SOURCE for practically their entire requirements 


many th ds of items 
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—no matter how large nor how inex- 
pensive— from electron microscopes to 
corks—obtained from over 800 manu- 
facturers in all parts of the country. 

And these items are available from 
stock in our six branch warehouses. 

Actually we are the laboratory's 
SUPER MARKET. The saving in re- 
ducing the number of orders placed is 
tremendous. A recent survey showed 
that a number of routine customers’ 
orders included as many as 12 to 30 
different manufacturers’ items. The in- 
creased cost of issuing 12 to 30 orders 
instead of 1 is obviously considerable. 
Add to that transportation charges from 
out of the way locations, plus delay in 
deliveries and the increase in cost can- 
not be estimated. 

We take our job very seriously. Each 
item is carefully evaluated before being 
added to our line. Most items are in- 
eluded in our current catalog. As new 
items become available we attempt to 
bring them to your attention through 
space ads and our house organs. 

Our branches and sales offices are 
staffed with personnel trained to be 
helpful. They have a genuine interest in 
your problems. In addition we believe 
you will enjoy dealing with them. We 
think they're fine people. 

If you are not taking full advantage 
of our facilities, we would welcome an 
opportunity to serve you. 

No matter what you need — furniture, 
glassware, apparatus, chemicals or equip- 
ment, you can get it from HARSHAW. 


CLEVELAND 6, OHIO 
1945 East 97th Street 
Tel. VUlcan 3.2424 


CINCINNATI 13, OHIO 
6265 Wiehe Rd. 
Tel. REdwood 1-9100 


DETROIT 28, MICHIGAN 
9240 Hubbell Avenve 
Tel. VErmont 6-6300 


HOUSTON 11, TEXAS 
6622 Supply Row 
Tel. WAinut 3-1627 

LOS ANGELES 22, CALIF. 

3237 So. Garfield Ave 

Tel. RAymond 3-316! 

PHILADELPHIA 48, PA 

Jackson & Swanson Sts 

Tel. HOwerd 2-4700 


AMARILLO, TEXAS 
3409 S. Jackson Street 


ATLANTA 5, GEORGIA 
3130 Maple Drive, NE 
Tel. Cédor 3.3560 
BATON ROUGE 6, LA 
3160 Florida Street 
Doherty Bidg., Room 103 
Tel. Dickens 3.1933 
BUFFALO 2, NEW YORK 
260 Delaware Avenve 
Tel. GArfield 9-2000 
HASTINGS-ON-HUDSON 6 
NEW YORK 
Tel. HAstings 5-8250 
OAKLAND 11, CALIFORNIA 
3826 Piedmont Avenve 
Tel. Olympic 5-651) 
PITTSBURGH 22, PA 
504 Bessemer Building 
6th St. & Fort Duquesne Bivd 
Tel. ATiantic 1.7930 


HARSHAW 
SCIENTIFIC 


Division of 
The Harshaw Chemucal Company 


Cleveland 6, Ohio 


4 
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OTHER FALCON LABWARE 
FOR EFFICIENT BIOLOGICAL 
PROCEDURES: 


¢ Round and square Petri dishes 
Bi plate... grid plate... and 
radial counting plate 


* Box-type culture dishes 

* Tissue culture plates 

Assay spyders 

¢ Culture tubes and swubes 

Microdiffusion dishes 

© Phage typing grids 

© Liquid-Tite and other disposable 
fluid containers 


Write direct to Falcon for samples. Leading 
dealers convenient to you carry Falcon Products 
available for immediate delivery. Ask for prices 
and information. 


INSTANTLY IDENTIFIED 


Streptococcus...its distinctive character- 


‘ istics are INSTANTLY IDENTIFIED 


Falcon Disposable Plastic Petri Dishes are 
also INSTANTLY IDENTIFIED for 
added efficiency and added economy. 


Now in Sterile Strip Pack... 


FALCON 
Disposable Plastic Tubes 


sealed-in sterility to instant of use 


Falcon clear styrene disposable tubes are now supplied in sterile 
strip pack. This package insures unit sterility of tube and cap... 
ready to use without costly autoclaving or washing. 

For quick use... tubes are removed by tearing the paper back- 
ing across either end of the tube. For surgical sterility... tubes are 
removed by peeling cellophane from the face of the pack. 

Falcon low cost, one-use tubes and caps are chemically clean... 
biologically inert...and free of trace substances that may leach 
out to affect critical work. 

They are ideal for blood samples, antibiotic titrations, agar 
slants, broth tubes, blood clot retractions and centrifuging at mod- 
erate speeds. Withstand prolonged heating at over 80°C with high 
resistance to both breakage and distortion. 

The polyethylene caps provide controlled loose fit for aerobic 
culturing and a tight seal to prevent spillage and evaporation. 

Packaged STERILE... delivered STERILE...these Falcon 
disposable plastic tubes are priced lower than ever. 


SUBSTANTIAL PRICE REDUCTIONS 


Send for new Falcon Catalog “F” 
Improved production techniques and greatly increased sales volume 
have materially reduced manufacturing and distribution costs, These 
savings are fully reflected in the new Falcon price schedule. 
Send for new Falcon Catalog “F” today and take advantage of 
important price reductions. 


FALCON PLASTICS 


6024 West Washington Boulevard, Culver City, California 


A Division of Becton, Dickinson and Company 


FIRST AND FOREMOST IN DISPOSABLE PLASTIC LABORATORY EQUIPMENT 


i. 
Jeg 


FISHER HAS IMPROVED 
THE BASIC APPARATUS 
FOR GAS 

IN BLOOD OR PLASMA 


the new 


FISHER-VAN SLYKE 
manometric apparatus 


The completely modernized Fisher-Van Slyke 
Manometric Blood-Gas Apparatus is more 
efficient and accurate than ever. Carbon 
monoxide, carbon dioxide, oxygen and other 
components in blood, serum and other body 
fluids can be expelled and measured from 
“— small samples. 

linical chemists recognize the Manometric 
Apparatus as the most accurate for any re- 
action that uses up or evolves a gas. 


A few of the many measuring applications — 


@ Carbon Dioxide @ Ammonia @ Lactic Acid 

@ Carbon Monoxide @ Amines @ Methemoglobin 
@ Oxygen @ Sugors @ lodates 

@ Nitrogen @ Hemoglobin @ Calcium 

@ Hydrogen @ Urea @ Potassium 


Write for Bulletin FS-271 


A 12-page bulletin describes 
applications and advantages 
of this and other Fisher-Van 
Slyke analytical apparatus. 


FISHER 
SCIENTIFIC 


IN THE U.S.A. Cleveland St.Louis IN CANADA 


Boston Washington Eqmonton 
120 Fisher Building 
Charleston, W.Va. Philadelphia IN MEXICO Montreal 
Chicago Pittsburgh Mexico City Toronto Pittsburgh 19, Pa. 
America's Largest M er -Distribut: 
gent Chomicah 
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accurate, quick determinations... 
for all colorimetric tests 


PHOTROMETER 


Only one adjustment of only one knob and you get precise determinations 
for each routine clinical test—easily, rapidly —with the Leitz pre-calibrated 
PHOTROMETER. 


Leitz PHOTROMETERS for clinical laboratories... 


* pre-calibrated for easy, rapid determinations 

* a supply of standard solutions is not required 

* no external voltage stabilizer needed 

¢ built with the precision and ruggedness characteristic 
of all Leitz instruments 

* laboratory technician can readily calibrate instrument 
for additional tests 


See your dealer for a demonstration. 


&. LEITZ, INC., Dept. L.5 
468 Fourth Avenue, New York 16, N. V. 


Please send me the Leitz PHOTROMETER brochure. 


Nome 


Street 


me City 


@. Leirz, inc., 468 FOURTH AVENUE, NEW YORK 16, N. Y. 
Oistributors of the world-famous products of Ernst Leitz, Wetziar, Germany 
LENSES CAMERAS + MICROSCOPES BINOCULARS 
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_S/P Accupettes’ assure exacting accuracy 
for microchemical determinations 


Exclusive S/P micro pipette design minimizes 
breakage. Clear, accurate graduations 


Ground and polished tips % A % RA 
67717A 677178 
® A choice of volume tolerances: | accupette, No Bulb, Regular Bore Accupette, Bulb Type, Fine Bore 
regular bore + 1%, Capacity 12, Each 12, Each 
or fine bore + 14% 01 mi. (10 lambdas) $0.95 | . . (20 lambdas) 


, .02 mi. (20 lambdas) 94). . ( 25 lambdas) 
® Graduations are easy to read. | 995 mi, (25 tambdas) 94 |. ( 50 lambdas) 


Fused into glass... .04 mi. (40 lambdas) 95]. . (100 lambdas) 
they last forever .05 mi. (50 lambdas) 95]. . (200 lambdas) 
. (250 lambdas) 


Ask the man who knows glassware best... 
have your S/P representative show you his samples 


Scientific Products 


DIVISION OF AMERICAN HOSPITAL SUPPLY CORPORATION 
GENERAL OFFICES: 1210 LEON PLACE, EVANSTON, ILLINOIS 


Regional Offices: Atlanta . Chicago - Columbus - Dallas . Kansas City - Los Angeles - 
Minneapolis - New York - San Francisco - Washington 
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ELEVEN FEBRILE ANTIGENS 
FROM LEDERLE 


For use in the simple, quantitative, macroscopic rapid 
slide agglutination test technique of Huddleson and Abell, 
and its adaptation by Welch and Stuart, Welch and Mickle, 
and Diamond. 


Brucella Abortus Antigen Lederle 

Proteus 0X19 Antigen Lederle 

Salmonella Group A (Somatic |, II, XII) Antigen Lederle 
Salmonella Group B (Somatic I, IV, V, XII) Antigen Lederle 
Salmonella Group C (Somatic VI, Vil, Vill) Antigen Lederle 
Salmonella Group D (Somatic IX, XII) (Typhoid 0) Antigen 
Lederle 

Salmonella Group E (E;, Ez, and (Somatic Ill, X, XV) 
Antigen Lederle 

Paratyphoid A (Flagellar a) Antigen Lederle 

Paratyphoid B (Flagellar b, 1, 2) Antigen Lederle 
Paratyphoid C (Flagellar c, 1, 5) Antigen Lederle 

Typhoid H (Flagellar d) Antigen Lederle 


LEDERLE PRODUCTS FOR LABORATORY 
MEDICINE ARE PREPARED AND TESTED 


ACCORDING TO THE HIGHEST STANDARDS 


AGENTS FOR LABORATORY USE: BLOOD GROUPING, Rh TYP- 
ING, and ANTIHUMAN (Coombs Test) SERUMS, NIH-approved; 
BLOOD CULTURE MEDIUM; E. COLI TYPING SERUMS*; 
SALMONELLA GROUPING and TYPING SERUMS*; SHIGELLA 
GROUPING SERUMS; SYPHILIS ANTIGENS: V.D.R.L.; Kahn 
Standard, (Dr. Kahn Laboratory-approved); Laughlen Re- 
agent, (Dr. Laughlen Laboratory-approved); PASTEURELLA 
TULARENSIS TUBE ANTIGEN; VIRAL and RICKETTSIAL 
ANTIGENS. *Prepared according to CDC methods and 
standards. 


AGENTS FOR CLINICAL USE: LYMPHOGRANULOMA VENE- 
REUM SKIN TEST ANTIGEN and CONTROL; TRICHINELLA 
EXTRACT and SALINE CONTROL; TUBERCULIN PATCH TEST 
(Vollmer). 


For further information contact the Lederle representa- 
tive through your hospital pharmacy, or write: 


LEDERLE LABORATORIES DIVISICN 
AMERICAN CYANAMID COMPANY 
PEARL RIVER, NEW YORK 
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Paragon Stains Paramount Quality 
Tested and proven stains of the very highest quality 


Paragon special stains are stable, fresh and ready instantly when 
special staining is required 


OIL RED O FAT STAIN—PARAGON 


For brilliant red fat stains on frozen sections, fecal smears, etc., of startling intensity 
unsurpassed by any other method. There is no loss of fat during staining. The technic 
is rapid and not critical. Polyethylene Glycol is required in the staining technic. 


PS1266 Oil Red O Fat Stain—Paragon Bottle (100 cc) $2.15 
PS1268 Polyethylene Glycol—Paragon, U.S.P. Bottle (250 cc) 1.20 


MUCICARMINE STAIN COMPOUND—PARAGON 


is a powdered stain instantly soluble in 50% alcohol to prepare Mayer's Mucicarmine 
stain for mucin. No Heating. No Filtering. Stable. Each gram makes 50 cc of stain- 
ing solution. 


PS1S01 Mucicarmine Stain Compound—Paragon Bottle (10 grams) 1.75 


BEST’S CARMINE STAIN COMPOUND—PARAGON 


is a dry powder requiring only the addition of ammonia and methyl alcohol to prepare 
the working solution for the staining of glycogen in paraffin sections and cytological 
smears. Dissolves readily. No Heating. No Filtering. No Ageing. Ready at once. 


PS1505 Best's Carmine Stain Compound—Paragon Bottle (25 grams) 2.75 


GIEMSA STAIN—PARAGON (Stock Stain Solution) 


Carefully prepared, stable, ready to use, economical. 


One cc makes 50 cc working stain. Ideal for blood and bone marrow as well as 
malarial and blood parasites. 


PS1160 Giemsa Stain—Paragon Bottle ( 25 cc) 1.00 
PS1161 Giemsa Stain—Paragon Bottle (100 cc) 2.75 


PARAGON BUFFER SOLUTION FOR GIEMSA STAIN 


Ready to use buffer solutions which adjust the Giemsa working stain to the optimum 


pH for proper staining. For blood and bone marrow use pH 6.5; for malaria and 
protozoa use pH 6.8. 


PS1165 Paragon Buffer Solution For Giemsa Stain pH 6.5 Bottle (100 cc) 1.00 
PS1166 Paragon Buffer Solution For Giemsa Stain pH 6.5 Bottle (250 cc) 1.50 
PS1168 Paragon Buffer Solution For Giemsa Stain pH 6.8 Bottle (100 cc) 1.00 
PS1169 Paragon Buffer Solution For Giemsa Stain pH 6.8 Bottle (250 cc) 1.50 


Write for catalogs 957A & 957B for more detailed information 
and staining technics 


All prices F. O. B. New York, New York, subject to 
change without notice 


Manufactured exclusively by 


PARAGON C. & C. CO. INC. 


2540 Belmont Avenue, New York 58, New York 
Cable address: Wijeno, New York 
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Acknowledged throughout the World 


For Better, Faster, More Dependable 
Analysis in the Clinical Laboratory 


These Coleman instruments give you access to the clinical world’s most 
accurate and rapid analytical methods . . . in a practical form that any tech- 
nologist can handle. Coleman instruments are designed to work together. 
This keeps down the original cost and makes it easy to expand your labo- 
ratory as the demand for medical services increases. 


The COLEMAN JUNIOR SPECTROPHOTOMETER 
Complete colorimetric analysis without complication 
Ask for New Bulletin B-240A 


The COLEMAN FLAME PHOTOMETER 
Precise, rapid measurement of Sodium, 

Potassium and Calcium in biological materials. 

Ask for New Bulletin B-242 


COLEMAN INSTRUMENTS, INC., DEPT. E MAYWOOD, ILLINOIS 
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CONVENIENT TRANSPORT OF CYTOLOGY SLIDES 


early cancer diagnosis 
through cytology 


CYTO-MAILER—the only convenient way to safely 
transport or mail cytology slides to the labora- 
tory. The Cyto-Mailer is precision molded of non- 
breakable polyethylene. It is resistant to ether/ 
alcohol fixative. 


CYTO-KIT 


Compact . . . complete! Everything needed for col- 
lecting and fixing cervical-vaginal cytology slides 
and safely transporting them to the laboratory. 
Each kit contains — 


@ READY TO USE SLIDES—2 for each set 

@ SPATULAS—molded of impact plastic, biopsy 
tip on each end. One conforms to cervix, the 
other to the canal. 

® MAILING DATA CARDS—space for complete 
history and biopsy instructions. Merely ad- 
dress, fold over and mail. 

@ FIXATIVE—special formula of 50/50 ether al- 
cohol with added propylene glycol in poly- 
ethylene bottle. Glycol coats slide after de- 
canting fixative, prevents drying. 

© FLIP-TOP SLIDE MAILER—Durably molded. Use as 
combination fixing dish and slide mailer. 

Investigate the time-saving convenience . . . the accuracy 

and other advantages offered by Cyto-Mailers. 


LAB 


PLASTICS CO. 


TEK 


LAB-TEK PLASTICS CO, + 39 East Burlington St. Westmont, Illinois 


See your laboratory supply dealer... today! 
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Now 


-Reactive Protein 
test results 


minutes 
by this new 


easy-to-read slide method 


SCREENING TEST 

Mix one drop of serum specimen 
with two drops of CR-TEST 
reagent on glass slide. 

Presence of C-reactive protein 
will be indicated within one 

to two minutes by easily 

vistble flocculation. 


QUANTITATIVE TEST 


Levels of C-reactive protein are 


equally easy to determine. 
Prepare serum dilutions of test 
specimen in buffered diluent. On 
successive sections of glass slide, 
mix one drop of CR-TEST reagent 
with one drop of each serum 
dilution. The highest dilution 
showing visible flocculation within 
two minutes is taken as the 


C-reactive protein titer of 
the specimen. 
SUPPLIED a } 


GNYTAH 


Kits containing Latex-Anti- 


C-Reactive Protein Reagent, 

Glycine-Saline Buffer Diluent for 

serum dilution, capillary pipettes an 
for serum transfer, and 2 divided 


glass slides. Each kit sufficient for 
60 screening tests. $10.00 per kit. 


Also available: CR-TEST 
Positive Control Serum, 0.5 ce. 


HYLAND LABORATORIES 
4501 Colorado Blvd., Los Angeles 39, Calif. _ ; 
ae par eae Ave. Yonkers, N.Y. Trade Mark of Hyland Laboratories 
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DISPOSABLE 
CAPILLARY PIPETTES 


low price 
permits 
discarding 
after use 


* Saves time and expense of washing 


PIPETTES, Capillary, Disposable, glass, ungraduated, with long, 
machine-made capillary tips; useful for nonvolumetric transfer in 
hematological, clinical, bacteriological or micro laboratories. Low 
price makes it practicable to use them once and throw them away, 
thereby eliminating expense of washing. 

Both sizes have long capillary stems approximately 1 mm outside 
diameter; body is 7 to 7.5 mm outside diameter, with small con- 
striction approximately %4-inch below the upper end to retain a 
cotton plug. Suitable for use with Rubber Bulbs 1 or 2 ml. Without 
rubber bulbs. Sold only in original cartons containing 1 gross. 
8216-D. Pipettes, Capillary, Disposable, as above described. 

Overall length, approximate, mm 230 
Length capillary stem, approximate, mm 120 
Per gross 4.10 
10% discount in original case of 5 gross 
15% discount in lots of 10 gross 


20% discount in lots of 25 gross in original eco d 
25% discount in lots of 50 gross or more \ ON€ 82 Or assorte 


ARTHUR H. THOMAS COMPANY 


More and more laboratories rely on Thomas Laboratory Apparatus and Reagents 
VINE ST. AT SRD ¢ PHILADELPHIA 5, PA. 
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CLINICAL AND EXPERIMENTAL 


THE PERSISTENCE IN THE BLOOD OF THE RADIOACTIVE LABEL 
OF ALBUMINS, GAMMA GLOBULINS, AND GLOBULINS 
OF INTERMEDIATE MOBILITY 


VII. UptrakrE Dik-Away P Lots or Into SERuM ALBUMINS AND GAMMA 
GLOBULINS AFTER ORAL ADMINISTRATION OF LABELED METHIONINE IN 
IpiopatTHIC HyPOGAMMAGLOBULINEMIA AND MULTIPLE MYELOMA 


Davin Bronsky, M.D., ALvin Dusrn, M.S., AND DANTEL S. KUSHNER, M.D. 
Cuicaco, ILL. 


HE purpose of this paper is to present the uptake and die-away plots of 

S*-labeled methionine into the serum proteins of subjects presenting the 
extremes of serum globulin concentrations found in idiopathic hypogamma- 
globulinemia and in multiple myeloma. This is part of a continuing study 
designed to seek valid reproducible means of estimating protein synthesis 
rates. Previous studies have demonstrated that the die-away plots for the 
S*° amino acid, because of reutilization of the label, lack consisteney and 
that biologic turnover times caleulated from them are unduly prolonged." ? 
We have, therefore, abandoned the die-away plot as a clinical approach to 
this problem. Those presented in this paper are the last we expect to do and 
are interpreted solely in qualitative terms. 

Reeent studies of the uptake plots for S* methionine during the first 
24 hours after oral administration, when presumably reutilization of the label 
is at a minimum, have shown promise of offering a reliable, although erude, 


From the Hektoen Institute for Medical Research of the Cook County Hospital, and 
the Departments of Medicine of the University of Illinois College of Medicine and North- 
western University Medical School. 

These studies have been supported by Grant H-1511 from the National Heart Institute 
of the United States Public Health Service. 

Received for publication Aug. 26, 1958. 
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quantitative method for estimating endogenous protein synthesis rates.? The 
present study is a companion to a previous report of protein synthesis rates 
in subjects with varying degrees of hypoalbuminemia.* 


METHODS 


Selection of Patients.—The subjects studied were 3 patients with idiopathic hypo- 
gammaglobulinemia and 4 with multiple myeloma, Simultaneously, 3 nutritionally normal 
male inhabitants of the Neurological Service (Huntington’s chorea, cerebral palsy, and 
traumatic spinal cord paralysis) were studied as controls. 


The patients with idiopathie hypogammaglobulinemia were white men, 36, 42, and 
53 years old, respectively. Each presented a history of repeated infections, usually bac- 
terial in type and pulmonary in loeation, Chronic sinusitis was present in two patients. 
This was associated with chronie bronchiectasis and clubbing of the fingers in one, and 
multiple, bacteriologically sterile, ulcerations of a leg in the other. This last patient also 
presented @ persistent leukopenia with, however, adequate response to bacterial infection. 
All 3 patients had splenomegaly. Further studies demonstrated very low to absent 
isohemagglutinin and antistreptolysin titers and depressed zine sulfate turbidity levels. 


Bone marrow aspirations and lymph node biopsies in all 3 patients demonstrated a paucity 
of plasma cells. 


PT. AR. 
SERUM 
T P 63 % 


ALB 73% 


Fig. 1.—-Serum protein paper electrophoretic diagrams in 3 patients with idiopathic hypo- 


gammaglobulinemia. 
Diagrams of the serum protein paper electrophoretic patterns of these patients are 
presented in Fig. 1. Levels of the serum protein fractions are given in Table I. On 
free electrophoresis (Tiselius), substantially lower gamma globulin levels of 0.17, 0.39, and 
0.10 Gm. per 100 ml. were found, respectively, for Patients A. R., R. 8., and J. G. 

The 4 male patients with multiple myeloma were selected to provide a cross section 
of the protein abnormalities found in this disease. The diagnosis was established by the 


usual clinical, biochemical, and hematologic methods, including bone marrow aspiration.” 


*We are indebted to Dr. Stephen O. Schwartz and the Hematological Department of 
the Cook County Hospital for bone marrow studies. 
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Diagrams of serum protein electrophoretic patterns of these 4 patients and urine proteins 
of one patient are shown in Fig. 2. Levels of the protein fractions are presented in 
Table I. Two patients (J.F. and G.A.) had rapidly moving abnormal serum protein 
peaks which could be cleanly separated from small amounts of electrophoretically normal 
appearing gamma globulin. This allowed a simultaneous study of hypogammaglobulinemia 
and hyperglobulinemia in the same individual. Patient J.T. presented a slow moving 
gamma globulin peak. In Patient J.8., the protein abnormality consisted of the forma- 
tion of large amounts of Bence Jones protein (bottom graph, Fig. 2). His serum protein 
partition was normal, None of the patients had a history of repeated infections. Upon 
autopsy, however, Patient J. F. presented extensive bronchopneumonia., 
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Fig. 2.—Serum and urine protein paper electrophoretic diagrams in 4 patients with multiple 
myeloma. For further description, see text. 


Administration of Label and Radioactivity Measurements.—All subjects received 


oral 835 methionine, 0.50 me. Supplemental oral protein hydrolysates, 2.5 Gm., were given 
at the time of labeling. Serial sera were drawn 2, 4, 8, and 24 hours after labeling, and 
then at frequent intervals from 14 to 38 days. Methods of fractionation, extraction, 


measurements of component concentrations and radioactivity have been deseribed previ- 
ously.4 

To circumvent errors due to layering distortion of thin films when determining the 
radioactivity of small amounts of gamma globulin, duplicate separations of this fraction 
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were performed in patients with idiopathic hypogammaglobulinemia and sufficient un- 
labeled bovine albumin was added to eliminate the need for applying a self-absorption 
correction factor based on thickness of film.‘ 

The uptake plots were charted on regular graph paper and the die-away plots on 
semilogarithmic graph paper as corrected counts per minute against time in hours. These 
values by the corrections used are proportional to the specific radioactivity of the frac- 
tions measured in terms of counts per minute per gram of protein as corrected to a 
standard oral dose of 0.50 me. In Table I, the eighth hour peak uptakes are further 
corrected by a ratio of the observed serum level to the expected normal level. By 
means, a crude quantitation of the protein synthesis rate is obtained.5* 


this 


Chromatographie studies of 835 methionine recently obtained from Abbott Labora- 
tories, Chicago, Illinois, have revealed an appreciable degree of contamination with 85 
cystine. These plots, therefore, should be interpreted as primarily indieating 8% amino 
acid uptakes rather than methionine uptakes specifically. 


RS ALB OO 
7 GLOB 


= 
7 
oO 
& 
oO 


= 


2 @ 2a 
HOURS AFTER ORAL LABEL 


Fig. 3.—-Uptake plots after oral S® methionine in 3 patients with idiopathic hypogamma- 


globulinemia. These plots are corrected to a standard oral dosage and for radioactive decay 
only. 


RESULTS 

Idiopathic Hypogammaglobulinemia; Uptake Plots (Fig. 3).—Following 
oral administration of the S® label, an appreciable uptake is present at 2 
hours. Between the fourth and eighth hour, there is a plateau with a slight 
peak at the eighth hour. An early fall-off is apparent at 24 hours in both 
the albumin and globulin fraction. These plots follow the same general form 
previously described in normal and hypoalbuminemic subjects.” In each sub- 
ject, the apparent incorporation of S*® into albumins is greater than into the 


*Recently, Ulstrom and associates have independently 


arrived at the same correction 
factor in studying dysproteinemias of infants.” 
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corresponding gamma globulin fraction even when plots are not subjected to 
a correction based on an estimate of the circulating pool into which the newly 
synthesized protein is delivered. 

The corrected maxima (see methods) for the eighth hour peak are pre- 
sented in Table I. The synthesis rate for gamma globulin is markedly de- 
pressed. This inability to form gamma globulin is even more readily ap- 
parent when the error due to layering effect is eliminated (Table 1). 

The synthesis rate for albumins compares favorably with those for nu- 
tritionally normal subjects. The apparent depression in the synthesis rate 
for total proteins can be attributed to the decrement in gamma globulin 
formation (Table 1). 
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with the bottom graph aivamin was aided 
to gamma globulin specimens to eliminate error due to layering effect (see Methods). 
Idiopathic Hypogammaglobulinemia; Die-Away Plots.—The straight line 
exponential die-away plots for albumins conforms to the general form pre- 
viously described.’ The variations in apparent biologie half-life observed in 
duplicate studies on Patient A. R. (Fig. 4) again demonstrate our reasons for 
abandoning this method of study. 

The steepness of the die-away plots for gamma globulin in Patients A. R. 
(Fig. 4) and R.S. (top, Fig. 5) contrasts strikingly to the gradual decline of 
the respective albumin plots. They differ also from gamma globulin die- 
away plots obtained in previous studies,*° for instead of a gradual flatten- 
ing out 3 to 5 days after label administration, the slope continues its abrupt 
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descent for 15 to 18 days. The terminal horizontal portion of the plots were 
obtained when the amount of residual radioactivity was negligible. This 
finding suggests that, in these two patients, there is either an abnormally 
rapid degradation rate or failure of reutilization of the small amount of 
gamma globulin formed. In Patient J. G. (bottom, Fig. 5), however, the con- 
trast between the albumin and gamma globulin plot is much less striking. 
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Fig. 5.—Die-away plots after oral S® methionine in two patients with idiopathic hypogamma- 
globulinemia. 


The apparent biologie turnover time for normal pooled Red Cross serum 
gamma globulin* was determined in Patient R.S. A total of 55 Gm, was 
administered intramuscularly in 10 days. The serum gamma globulin level 
rose from 0.40 to 0.67 Gm. per 100 ml. Subsequent study of the die-away 
plot using turbidimetric determination of gamma globulin demonstrated an 
apparent turnover time of 70 days. This is not only a much longer rate than 
that obtained in the same patient with endogenous S* label, but the rate 
also exceeds the usual values of 25 to 36 days reported for other patients 
with idiopathic hypogammaglobulinemia after administration of similar 
amounts of gamma globulin.°* This seemingly undue prolongation of the 
turnover time can perhaps be aseribed to experimental error introduced by 
failure to obtain a greater initial elevation of the gamma globulin level. This, 
in turn, can be attributed to the patient’s large size (100 kg.). 


*Generously supplied by Dr. Samuel T. Gibson of the American National Red Cross 
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Multiple Myeloma; Uptake Plots (Fig. 6)—The form of the uptake plots 
again resembles those previously described. In each instance, the incorpora- 
tion of the S* label into the albumins appears greater than into serum globu- 
lin fractions. The uptake plots for Patient J. S. (bottom, Fig. 6), however, 
demonstrate that the apparent rate of incorporation of the label into Bence 
Jones protein exceeds that of either serum fraction. 
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Fig. 6.—Uptake plots after oral S® methionine in 4 patients with multiple myeloma, corrected 
as in Fig. 3. 

The corrected 8-hour maxima (Table 1) reveal a markedly rapid apparent 
synthesis rate for all abnormal proteins studied. In the two patients with 
clectrophoretically demonstrable hypogammaglobulinemia (G. A. and J. F.), 
the apparent synthesis rates for this fraction are depressed to a level com- 
parable with that found in idiopathie hypogammaglobulinemia. In all pa- 
tients presenting an abnormal serum protein, there is also marked depression 
of the albumin apparent synthesis rates. However, in Patient J.S., whose 
only protein abnormality consisted of the formation of Bence Jones protein, 
the albumin and gamma globulin synthesis rates are normal. In spite of 
the formation of large amounts of abnormal globulins, the apparent total protein 
synthesis rate is, in general, somewhat less than that observed for normal in- 
dividuals. This may be due to concurrent depression of the synthesis rate 
of the other serum protein fractions. 


| 
: W 30 
= PT. J. F. 
2.0 
f 10 
| 
o 
J T. 
MYELOMA 
PROTEIN 
: OPT. S. 
2.0 


May, 1959 


pInood winses BUOTAAUL OM} UL oS ABMR-3ICG L la 


J. Lab, & Clin. Med. 


T38V7 SAVO T38V7 WHO SAVO 
02 


NI3.LOUd 
VWOT3AW .W, 


| 


SAVO Oli 3? 


NIZ.LOUd 


sava 


ALNNIN Y3d SLNNOD 


Sava 92 


= 
x 
= 
= 
Z 
- 
Zz 
< 
z 
= 


(J1VIS AYVYLIGNY) 
(31VIS 
ALANIN Y3d SLNNOD 


NINNE TY 


SAVO Of 


’ | 
z | 
a 
© 
| 
8 
a 
| 


Viupe 7 PERSISTENCE IN BLOOD OF RADIOACTIVE LABEL. VII 675 
“Number 


Table Il offers additional information suggesting that the formation of 
an abnormal serum globulin fraction in patients with multiple myeloma is 
accompanied by a depressed level of other electrophoretic protein fractions. 

Multiple Myeloma; Die-Away Plots——The form of the die-away slopes for 
the abnormal myeloma protein and the normal gamma globulin fractions of 
Patient G. A. (top, Fig. 7) roughly parallel each other as well as the albumin 
fraction. In Patient J. F. (bottom, Fig. 7) the die-away slopes for albumin 
and “M” myeloma protein also parallel each other, but there is an apparent 
rapid decline of the normal gamma globulin fraction. This patient died 14 
days after labeling and the validity of this observation is questionable. The 
remaining two patients (Fig. 8) demonstrate the same rough parallelism for 
the die-away slopes of the albumin and gamma myeloma protein (Patient 
J.T.) and normal gamma globulin (Patient J.S.). 

The apparent turnover time of Bence Jones protein (bottom, I’ig. 8) 

yas extremely rapid as compared to the turnover of the corresponding normal 
serum gamma globulins. The secondary slope paralleling the serum gamma 
globulins apparently represents a period where the S®* label has become avail- 
able for recycling from a free metabolic pool of amino acids. 
DISCUSSION 

The protein defect of idiopathic hypogammaglobulinemia has been at- 
tributed to an inability of these patients to synthesize adequate amounts of 
gamma globulin.** Experimental evidence for this consists of the observa- 
tion of normal biologic turnover rates for pooled and I'*!-labeled gamma 
globulin in individuals with very low gamma globulin serum levels. Addi- 
tional evidence is provided by the paucity of plasma cells in the bone marrow 
and lymph nodes of these patients, for these cells are thought to be the 
source of the circulating gamma globulins.’ The present study presents ad- 
ditional evidence that these patients are unable to adequately synthesize 
gamma globulin. Furthermore, the data in two patients indicate an abnor- 
mally rapid turnover rate of the small amounts of gamma globulin formed. 
It remains to be demonstrated whether the circulating gamma globulins are 
abnormal proteins or a normal fraction with a rapid turnover rate, for the 
apparent turnover time of normal gamma globulins is, in fact, a mean of the 
different turnover times of numerous specific globulin fractions. 

The apparent biologic half-life of exogenous gamma globulin in patients 
with idiopathic hypogammaglobulinemia has been reported as approximately 
25 to 36 days.** In the present study, the apparent biologie half-life for 
endogenously labeled gamma globulins in two patients with this syndrome 


was 6 to 8 days. This difference is striking, for all our previous experience 


has demonstrated undue prolongation of apparent turnover times when using 
the S®*® label. The discrepancy between the apparent biologie turnover rates 
for endogenous gamma globulin as determined in this study, and the rates 
for exogenous gamma globulin as determined by others in similar patients, 
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spotlights a controversial aspect of all studies of this nature, namely, that 
the individual may metabolize exogenous foreign proteins in a different man- 
ner from endogenous native proteins. 

Attempts to ascertain the mechanism producing hyperglobulinemia in 
multiple myeloma by studies of the die-away plots for isotopic labels have not 
been successful.” '® An original impression of Putman" that the elevated 
globulin level might result from their accumulation because of a decreased 
metabolic degradation rate has not been substantiated. While the half-lives 
of the myeloma globulins differ, they are in the range reported for normal 
serum globulins.” *! The turnover rates for myeloma serum proteins labeled 
with (' glycine, N' glycine, pi-glutamie acid IC™, L-aspartie aeid, and 
['!% 11% 2! are all shorter than those obtained in the present study, highlighting 
again the error introduced by reeyeling of the S* label. 

In the present study, evidence is presented for an aecelerated synthesis 
rate for the abnormal myeloma serum globulins as compared to the other 
serum protein fractions similarly measured. Furthermore, an analysis of 
cleetrophoretic partitions of a large series of patients with multiple myeloma 
presenting an abnormal serum globulin demonstrates a reduction in the ab- 
solute level of all protein fractions except the alpha-1 globulins (Table II). 
The evidence suggests strongly that the elevated levels of abnormal serum 
globulins found in multiple myeloma are the result of an accelerated synthesis 
rate of these fractions. The depression of the synthesis rates for the other 
fractions can be attributed to competition by these abnormal globulins for 


amino acid substrates. In myeloma, then, metabolically active serum proteins 
are displaced by what appears to be a metabolically inactive protein. A similar 
conclusion has been reached by Berson and Yalow.*! 


Attention has been called to the frequency of recurrent pulmonary bae- 
terial infections in multiple myeloma.'* '* These have been attributed to a 
decrease in the level of cireulating antibodies.'*'’ Such patients retain the 
ability to form specific antibodies in response to antigenetie exposure but 
form them in inadequate amounts.'*'® The results of the present study favor 
Waldenstrém’s suggestion’? that the pathologie globulin fractions may have 
a higher priority for available amino acids than normal antibodies, 

Although the phrase, abnormal serum globulin, has been used through- 
out this paper when referring to distinctive proteins present in multiple 
myeloma, no evidence has been presented to indieate that these are actually 
abnormal proteins, The true nature of these globulins has yet to be deter- 
mined," 

The origin and interrelationship of Bence Jones protein and the abnormal 
serum proteins in multiple myeloma remain unsolved. In the present study, 
the maximal concentration of the S® label into Bence Jones protein exceeded 
and preceded its maximum concentration into the serum proteins. These 
findings are similar to those previously obtained by Putman'’ and Osserman 
and associates” and preclude the possibility that Bence Jones proteins are 
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derived from the serum proteins. The possibility has been suggested that 
Bence Jones protein is an abortive product or precursor of the serum globu- 
lin.’ In this study, however, the formation of Bence Jones protein had no 
apparent effect upon the formation of serum proteins, in sharp contradistine- 
tion to the formation of abnormal serum globulins in which synthesis of other 
serum protein fractions was depressed. These results are in keeping with 
the clinical observation that the presence of Bence Jones protein is frequently 
associated with a normal serum protein electrophoretic pattern, This sug- 
gests that the origin of the Bence Jones protein is from a souree which does 
not contribute to the formation of the serum proteins, i.e., that its formation 
and fate is independent of that of the serum proteins. While it is possible 
that the renal clearance of this protein is so complete that a circulating level 
is very low or not evident, the possibility that the kidney may be a source of 
Bence Jones protein should be considered, 

The use of the amino acid methionine as the carrier of the S*” label is 
of special interest in the study of Bence Jones protein. A number of studies 
have demonstrated either absent or abnormally low methionine content in 
these proteins.'"” It has been suggested that Bence Jones protein is an 
abortive serum protein product because of a specific block in the utilization 
of methionine under certain conditions of accelerated protein synthesis.'* 
The turnover rates for S* methionine content of Bence Jones protein in this 
study conform well to those found for other labeled amino acids.” '’ There is 
no evidence in the one patient studied for a block in the utilization of 
methionine in the formation of abnormal proteins. This does not exelude 
the possibility that such a block may exist in other patients. Although 
chromatographic separation of S* methionine from S* cystine of Bence 
Jones protein was not performed, the degree of radioactivity of the protein 
is too great to attribute it solely to the small amount of known S*° eystine 
contaminant. 


SUMMARY 


The uptake and die-away plots of autosynthesized serum proteins labeled 
with S* methionine has been presented in 3 patients with idiopathie hypo- 
gammaglobulinemia and 4 patients with multiple myeloma. 

The protein defect of idiopathie hypogammaglobulinemia can be ascribed 
to a decreased ability to form gamma globulins. Such gamma globulin as 
is formed was demonstrated to have an abnormally rapid apparent turnover 
rate in 2 patients, Evidence was also presented demonstrating that marked 
discrepancies may exist in the manner in which an individual may metabolize 
exogenous as compared to endogenous gamma globulin. 


The presence of large amounts of abnormal serum proteins in multiple 
myeloma could be aseribed in part to the abnormally high uptake maxima 
observed in these patients, which may reflect high synthesis rates and further, 
when compared with uptake maxima of the normal serum protein fractions 


in multiple myeloma, suggests serious competition by the abnormal serum 
protein for amino acid substrates. 
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In one patient, the formation of Bence Jones protein occurred inde- 
pendently of and had no influence upon the apparent formation of serum 
proteins. This suggests a separate and unrelated origin for this protein. 
There was no indication that a block in the metabolic pathway for the utiliza- 
tion of methionine was present in the synthesis and degradation of any ab- 
normal myeloma protein. 


We are grateful to Dr, 8S. Howard Armstrong, Jr., for his constant encouragement 
and many helpful suggestions for performance of this study and to Dr. Hans Popper under 
whose guidance the study of the serum protein electrophoretic pattern in multiple 
myeloma was initiated. We are also grateful to Mrs. Jane C. Arterbery for technical 
assistance and illustrations and to Drs. Robert Simons, Stephen Spinuzza, George G. Jack- 
son, and Irving A. Friedman for referral of patients with idiopathic hypogammaglobu- 
linemia, 


ADDENDUM 


Since submission of this manuscript, we have had the opportunity to study the 
apparent turnover time of exogenous pooled Red Cross gamma globulin in Patient A. R. 
A total of 49.5 Gm. of gamma globulin was administered intramuscularly in 9 days to 
this patient who weighed 65 kilograms. The serum gamma globulin level rose from 0.24 
to 0.77 Gm, per 100 ml. The subsequent die-away plot, using paper electrophoretic de- 


termination of gamma globulin, showed a corrected apparent turnover time of 36 days. 
This should be compared to the apparent turnover time of 6 days obtained with the 
endogenous 8% label (Fig. 4). Thus, in this one individual, a marked dissimilarity has 
been demonstrated in the manner in which he metabolizes exogenous foreign gamma 
globulins as compared to his own native gamma globulins. 
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THE EFFECTS OF APNEA, ENDOTRACHEAL SUCTION, AND 
OXYGEN INSUFFLATION, ALONE AND IN COMBINATION, UPON 
ARTERIAL OXYGEN SATURATION IN ANESTHETIZED PATIENTS 


Anronio Bopa, M.D., Joun J. Cincorti, M.D., Tuomas E. Piazza, M.D., AND 
CHARLES M. LANDMESSER, M.D. 
ALBANY, N. Y. 


% WAS observed that prolonged, and occasionally momentary, endotracheal 
suction resulted in a degree of hypoxia easily detectable by inspection of 
the mueosae or nail beds. Since endotracheal suction as a means of maintaining 
a clear airway is often employed in conjunction with anesthesia, the present 
study was undertaken in order to determine the degree and modality of hypoxia 
secondary to endotracheal suction in anesthetized patients as well as to assess 
the feasibility of protective measures. 


MATERIALS AND METHODS 


Fifteen white men with no history or clinical evidence of cardiovascular or pulmonary 
diseases were selected for this study. They were scheduled for elective minor surgery at 


9:00 A.M, Anesthesia was induced at 8:00 A.M. and all investigative procedures completed 
by 9:00 AM, 


After induction with intravenous Pentothal, endotracheal intubation was performed 
under relaxation provided by succinylcholine and the endotracheal tube was connected to a 
semiclosed breathing cireuit. Additional amounts of Pentothal were given, as needed to 
maintain an adequate depth of anesthesia and to prevent bucking or coughing. Pulmonary 
ventilation was maintained by an Emerson ventilator cyeling at +15 and —5 mm. Hg. The 
gas flow into the circuit was 3 liters of oxygen and 6 liters of nitrous oxide per minute in 
all cases, 


TABLE I 


B 
NUMBER 
13 (A) 
12 (B) 
11 (C) 
12 (D) 
48 Total 


Table I, A, shows all the possible combinations of 3 variables. A apnea; S suction ; 
Or» oxygen insufflation. The presence of the variables is indicated by +, and absence by 0. 

Table 1, B, shows the type of experiments that were performed. The capital letters, 
in parentheses, make reference to the same letters in the text, and the numbers stand for 
the number of experiments in each group. 


The general plan of the experiment calls for the investigation of 3 variables: apnea, 
suction, and oxygen insufflation. Thus a complete study should include 8 groups of experi- 
ments, each group being identified with one of the possible combinations of any 3 variables 
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as shown in Table I, A. However, one practical difficulty was encountered. In fact, while 
the presence of and the absence of suction or oxygen insufflation are clearly defined states, 
the absence of apnea may mean anything from quiet breathing to severe coughing. For this 
reason investigation of the 4 groups which did not include apnea has not been carried out. 
Fig. 1, B shows the 4 groups whieh were investigated and the number of experiments in 
each group. 


Each experiment consisted of one minute of apnea, produced by the intravenous ad- 
ministration of succinylcholine. At this time the effects of the variables on arterial oxygen 
saturation were investigated by direct sampling and analysis. All samples were obtained 
at the beginning and the end of each experiment via a Cournand needle inserted in one 
femoral artery. 


The following procedures were carried out: 


A. During one minute of apnea the patient was disconnected from the ventilator and a 
special double-lumen catheter introduced into the endotracheal tube up to a fixed reference 
point. At the end of one minute the catheter was removed and artificial ventilation resumed. 


B. Same as in A except that continuous suction was performed through one lumen of 
the catheter. Suction was measured by running it through a bellow type flowmeter and 
regulated to approximately 13 L. per minute. 


C. Same as in A except that oxygen was insuflflated at the rate of 4 L. per minute 
through one lumen of the catheter. 


D. Same as in A except that simultaneous oxygen insufflation and suction were per- 
formed through the separate lumens of the catheter. Oxygen insufflation was limited to one- 
fourth to one-third of the volume of suction and never exceeded 4 L. per minute. 


The number of experiments for any one patient varied from a minimum of one to a 
maximum of five, and the experiments were distributed among the patients in an irregular 
pattern. The same endotracheal tube, the same connectors, the same anesthesia machine, the 
same personnel, and the same double-lumen catheter were employed in all cases. The catheter 
was introduced for the same length in all experiments and it protruded about 2.5 em. beyond 
the end of the endotracheal tube. The length of the endotracheal tube and suction catheter 
were such that in the average patient the tip of the catheter would lie free in the terminal 
portion of the trachea (Fig. 1, 4). The ratio between the cross-section area of the double- 
lumen catheter and the inner bore of the endotracheal tube was 2.1 with absolute values 
of 33.16 and 70.84 mm.,? respectively. All blood gas analyses were done by the manometric 
technique of Sendroy? and Van Slyke?, 3 as modified by Goldsteint and Holaday.® All pH 
determinations were done on the Model G Beckman pH meter according to the standard 
technique.® 


TABLE IT. ARTERIAL OXYGEN SATURATION CHANGES 


AVERAGE | AVERAGE | MEDIAN | RANGE AVERAGE 
PER CENT PER CENT | PER CENT PER CENT SUCTION 
VARIABLE CONTROL DROP DROP DROP (L./MIN.) 
Apnea 98 15.0 13.5 4 to 32 
Apnea and suction 98 16.0 14.0 5 to 39 12.8 
Apnea and O, insufflation 98 1.8 2.0 0 to 3 
Apnea, O, insufflation, and 
suction 99 5.0 3.0 0 to 19 12.3 
Average per cent control is the average arterial oxygen saturation at the beginning of 
each individual experiment in that group. Average per cent drop, median per cent drop, and 
range per cent drop apply to values for each group. For further details see under Results. 


RESULTS 


Forty-eight experiments were carried out (Table I, B). 


Group A.—One minute of apnea. There were 13 experiments in this group. 
Oxygen saturation drops ranged from 4 to 32 per cent, with a mean of 15 per 
cent and a median of 13.5 per cent (Table I1). 
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A. B. c. 


‘ig. 1 i, The theoretical course of events during suction of the terminal portion of 
the trachea through a large unobstructed endotracheal tube. B and C, Two common haz- 
ards of nasotracheal suction in clinical practice are represented diagrammatically. 
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. 2.--Illustrated is the incidence of critical arterial oxygen 
“xperiment Thus, at the end of one minute of apnea, 92 per cent of the patients 
were critically desaturated. At the end of one minute of apnea and endotracheal suction, 
91 per cent of the patients were critically desaturated. At the end of one minute of apnea 
with oxygen insufflation and at the end of one minute of apnea with simultaneous endotracheal 
suction and oxygen insufflation 0 and 16 per cent, respectively, of the patients in each group 
were critically desaturated. For details on critical desaturation see text. 
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Group B.—One minute of apnea and suction. There were 12 experiments 


in this group. Oxygen saturation drops ranged from 5 to 39 per cent, with a 
mean of 16 per cent and a median of 14 per cent (Table IT). 


Group C.—One minute of apnea and oxygen insufflation. There were 12 
experiments in this group. Oxygen saturation drops ranged from 0 to 3 per 
cent, with a mean of 1.8 per cent and a median of 2 per cent (Table IT). 


Group D.—One minute of apnea, suction, and oxygen insufflation. There 
were 11 experiments in this group. Oxygen saturation drops ranged from 0 
to 19 per cent, with a mean of 5 per cent and a median-of 3 per cent (Table 
IT). 

The changes observed in pCO, are summarized in Table IIT. Their im- 
portance is limited, however, and will be diseussed later. 


TaBLe ITT. ArrertaAL pCO, CHANGES 


AVERAGE | AVERAGE | MEDIAN RANGE 

CONTROL | RISE RISE RISE 
VARIABLE | (mm. Hg) | (mm. Hg) (mm. Hg) (mm, Hg) 
Apnea 31.8 11.0 8.7 4.2 to 34.6 
Apnea and suction 34.9 13.5 2. 6.4 to 27.9 
Apnea and O, insufflation 35.4 14.7 5. 7.7 to 22.9 

Apnea, O, insufflation, and 

suction 31.1 12.0 2. 4.1 to 19.0 


Average control millimeters of mercury is the average arterial pCOs at the beginning 
DISCUSSION 

Apnea of one minute’s duration and apnea with endotracheal suction of 
the same duration appear to produce a high degree and incidence of arterial 
oxygen desaturation (Table II). It is interesting to observe how close the 
range, mean, and median values are for the two groups. Statistical comparison 
of the means reveals no significant difference. These findings tend to support the 
impression that catheter suction of the distal trachea through the usual large- 
bore endotracheal tube is a U-flow phenomenon interrupted only by the eapture 
of secretions (Fig. 1, A). 

The results observed during apnea with oxygen insufflation and apnea with 
simultaneous oxygen insufflation and suction are shown in Table Il. The 
differences in average arterial oxygen desaturation and desaturation range ean 
be demonstrated to be statistically nonsignificant. These findings offer further 
support to the hypothesis that in the ease of endotracheal suction carried out 
through a large unobstructed endotracheal tube, very little air is aspirated from 
the lungs. 

Finally, when statistical comparison is made between the groups where 
oxygen was insufflated and those where no insufflation oecurred, a very high 
degree of significance is found, The idea that oxygen insufflation will maintain 
adequate arterial oxygen saturation in the apneie patient is not new.” * It is 
surprising to observe, however, how very little oxygen insufflation is needed to 
maintain adequate arterial saturation in the presence of simultaneous endo- 
tracheal suction. 
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For practical purposes it would be more interesting and convenient to 
know the frequeney with which a given procedure is associated with a critically 
low arterial oxygen saturation. For the purpose of the present discussion we 
have aecepted an arterial oxygen saturation of 93 per cent as critical. Our 
decision was guided by the fact that at this saturation the arterial pO, is 70 
mm. Hg and below that the dissociation curve breaks rather sharply. If the 
results are tabulated following this criterion they show that endotracheal sue- 
tion, as carried out in this experiment, does not significantly contribute to 
arterial oxygen desaturation, and that a very small amount of oxygen insuffla- 
tion offers adequate protection (Fig. 2). 

It is unlikely that the observed decrease in arterial oxygen saturation is 
secondary to diffusion anoxia.’ Diffusion anoxia requires that the patient be 
sufficiently denitrogenated and that room air be inhaled to dilute the mixture 
present in the alveolar space. Neither factor obtained in our study. Further- 
more, the reported average fall in arterial oxygen saturation at the end of one 
minute is 2.9 per cent® a figure well below ours (Table IT). 

The pCO, changes are summarized in Table III, and it ean be shown that 
there is no statistically significant difference between any two groups. One 
ought to expect this to be the case since the rate of CO, accumulation in the 
blood is related, during apnea, to its rate of formation and the ability of the 
cells to unload it against the increasing partial pressure. The over-all rate of 
gain should be regulated by the respective values for output and capacity of 
the system, and one ought to expeet it to be a logarithmie function.'” 

The clinical significance of these findings should be tempered by the recog- 
nition that apnea was a constant factor in all of these experiments, that sue- 
tion was continued over a one-minute period, that the suction tip was free, and 
the major airways were unobstructed. Two major hazards of endotracheal 
suction in routine elinieal practice are the possibility of wedging the tip of the 
catheter into one of the lesser bronchi, or clamping of the voeal cords around 
the suction catheter (Fig. 1, B and (), The obvious consequence of the first 
possibility would be failure to remove secretions at large, and possibly atelee- 
tasis of that particular portion of the lung. The second possibility presents 
the same hazards but on a somewhat larger seale (Fig. 1, B). Under these 
conditions the use of a double-lumen catheter for simultaneous suetion and 
oxygen insufflation as illustrated in the present report offers some tangible 


and 
practical advantages. 


SUMMARY 


Under the conditions of the experiment, apnea of one minute’s duration 
will produce severe hypoxia in all patients. The addition of endotracheal sue- 
tion does not change significantly the incidence or degree of hypoxia. 

Oxygen insufflation, at the rate of 4 L. per minute, will effectively prevent 
hypoxia both during simple apnea and during apnea with simultaneous endo- 
tracheal suction. 


The clinieal bearing of these findings has been discussed. 
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EFFECT OF THE VALSALVA EXPERIMENT UPON ARTERIAL pCo.,, 
0, SATURATION, AND pH IN 45 PATIENTS WITH OBSTRUCTIVE 
PULMONARY EMPHYSEMA 
Ricuarp B, Smiru, M.D.,* ano H. B. Hatrcu, Jr., M.D. 

New ORLEANS, La. 


INCE its deseription centuries ago by Valsalva, the Valsalva experiment’ 

has been utilized sporadically by many investigators as a physiologic pro- 
cedure in an attempt to evaluate the efficacy of the circulatory system in both 
normal and abnormal persons.** It has been used in the radiologie technique 
of assaying retrograde venous blood flow’; in the determination of venous 
pressure and significance of the changes in normal and abnormal persons"; in 
the determination of activity and reflex pathways of the autonomic nervous 
system” '’; and in an attempt to correlate hypoxia'' with the syncope that 
sometimes develops in individuals under stress as a result of Valsalva-like 
maneuvers. 

Our interest in the Valsalva experiment was stimulated by the incidental 
occurrence of syncope during performance of a vital capacity test on a patient 
with severe obstructive pulmonary emphysema. With the patient’s cooperation, 
a Cournand brachial artery needle was inserted into his brachial artery and 
a sample of arterial blood was withdrawn as the patient attempted to perform 
a timed vital capacity test; each time this was done syncope developed. Sub- 
sequent analysis of the arterial blood revealed a pronounced rise in oxygen 
saturation, a definite decrease in pCO., and a concomitant rise in pH coneen- 
tration. These results suggested that the syncope that frequently develops 
as a complication of a severe paroxysm of coughing™: '* or other Valsalva- 
like maneuver may be due to the development of acute alkalosis in addition 
to a decrease in cerebral blood flow and venous stasis. A study was therefore 
undertaken to determine the pCO. and O, saturation and the pH of arterial 
blood of patients with obstruetive pulmonary emphysema while performing 
the Valsalva experiment. 

This report presents the results obtained in 45 patients with mild to severe 
obstructive pulmonary emphysema studied in this way. Many had severe 
hyperinflation of the lungs with increase in total pulmonary capacity and 
residual air. Studies on 100 normal individuals were also done. 


MATERIALS AND METHODS 


A Cournand brachial artery needle was inserted into the brachial artery of one arm. 
Syringes that had been prepared with an internal coating of mineral oil and contained 0.75 
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ml. of heparin solution were used to withdraw the samples of arterial blood; following with- 
drawal of 20 ml. of blood (10 ml. if the Valsalva experiment was also done), a drop of 
mereury was drawn into the syringe for mixing purposes. The samples were then refrigerated. 
The O, and CO, contents were determined as soon as possible by the Van Slyke gasometric 
method and the pll was determined on the Beckman Model G pH meter. After a suitable 
rest period, with the Cournand needle in place, the first sample of arterial blood was ob- 
tained. A second sample of blood was obtained while the patient, after first breathing in 
the maximal amount of air, maintained a modified Valsalva experiment with oral pressure 
ranging between 40 and 80 mm. Hg; this second sample was obtained between the sixth and 
twelfth seconds of maintenance of pressure. The third sample was obtained immediately 
after the standard exercise test with a suitable rest period between the modified Valsalva 
experiment and the exercise test. All patients had the usual ventilatory tests. 


TABLE I. PULMONARY FUNCTION TESTS IN NORMAL PERSONS 


MAXIMUM 
BREATHING 
CAPACITY | VITAL CAPACITY VENTILATORY RESIDUAL AIR 
VALUES (1../MIN.) | (1) EQUIVALENT (PER CENT ) 
Predicted 100-160 3. 2 20-35 
Normals 
(average ) 114 3.! 28 


TABLE II. PULMONARY FUNCTION TESTS IN Group II 


MAXIMUM 
BREATHING 
CAPACITY VITAL CAPACITY VENTILATORY RESIDUAL AIR 
VALUES (L./ MIN.) (L.) EQUIVALENT (PER CENT ) 
Predicted 100-160 3-5 2.2-3.6 20-35 
Actual 


(average ) 32 2.8 . 55 


RESULTS 


In the 45 patients with varying degrees of obstruetive pulmonary emphy- 
sema, 3 types of changes in the pCO,, O, saturation, and pH of the arterial 
blood were observed. In patients with only minimal pulmonary disease (e.g., 
hamartoma, isolated peripheral histoplasmosis, minimal early apieal tuber- 
culosis without evidence of obstructive pneumonitis or collapse of the involved 
segment or lobe) the response to the Valsalva experiment paralleled the normal. 
There was a rise in arterial O, saturation to between 96 and 100 per cent from 
the normal resting level of between 93 and 96 per cent, a precipitous fall in 
the pCO, to as low as 23 mm. Hg from the normal resting level of approximately 
40 mm. Hg and a shift of the pH of the arterial blood to the alkaline side of 
normal proportionately with the fall in pCO., (Fig. 1). Two thirds of the 45 
patients showed this normal pattern. The average values for various tests 
of pulmonary function are shown in Table I. The remaining third showed 
an abnormal pattern of one of two types. In one type there was a decrease in 
both arterial O, saturation and in pCO,, and a rise in pH (Fig. 2). Results 


of analysis of pulmonary function in this group are shown in Table II. In 
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2.—Scattergram showing the typical values and changes of the arterial blood gases 
and pH at rest, during the Valsalva experiment, and following exercise in patients with mod- 
erately severe obstructive pulmonary emphysema manifested by some destruction of the func- 
tional capillary pulmonary bed, 
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the other type there was a decrease in arterial 0, saturation with a rise in 
pCO, and a fall in pH (Fig. 3). Table IIT indicates the abnormality of pul- 
monary function in this group. 
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Fig. 3.—Scattergram showing the typical values and changes of the arterial blood gases 
and pH at rest, during the Valsalva experiment, and following exercise in patients with severe 
obstructive aad emphysema manifested by advanced irreversible destruction of the 
pulmonary capillary bed. 

TABLE IIT. PuLMonary FuNcTION Tests IN Group III 


MAXIMUM | 
BREATHING | 
CAPACITY | VITAL CAPACITY VENTILATORY | RESIDUAL AIR 
VALUES (1../MIN. ) (1. ) EQUIVALENT (PER CENT ) 
Predicted 100-160 2.2-2.6 20-35 
Actual 
(average ) 17 2. 3.8 64 


DISCUSSION 

The normal response is attributed to the normal physiology of ventilation, 
respiration, and cireulation wherein there is no disease of body tissues or other 
interference with the mechanies of ventilation, the diffusion aspeet of the 
respiratory membrane, the oxygen carrying capacity of the blood, the autonomic 
nervous system, or the various chemoceptors and pressoceptors which are 
intimately associated with ventilation and respiration. In addition, normal 
physiology of ventilation and respiration necessitates normal function of the 
circulatory and cardiae apparatus. 

The physiologic changes in the arterial gases during maintenance of 
sustained pressure in the modified Valsalva experiment with the patient in the 
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supine position are due to many diverse factors involving the cireulatory and 
respiratory systems. When the normal person takes in his deepest inspiration, 
atmospherie air containing 20.94 volumes per cent of O,, 0.04 volume per cent 
of CO., and 79.02 volumes per cent of nitrogen is mixed and diffused into the 
tracheobronchial dead space and the funetioning alveolar spaces. The im- 
mediate effect is dilution of the alveolar air, which at the end of expiration 
contained 14.2 volumes per cent of oxygen, 5.5 volumes per cent of CO,, and 
80.3 volumes per cent of N,.’* This dilution inereases the per cent of O., and 
decreases the per cent of CO, but leaves the volume per cent of N, fairly 
stable. However, within the reserve alveoli which is not normally used in 
quiet ventilation and normally in a state of semicollapse, but opened and dis- 
tended by maximal inhalation, there is atmospheric air that is not diluted by 
air present after normal expiration; these alveoli, therefore, have a higher O, 
and a lower CO, content and tension than the alveoli used in quiet ventilation. 
In addition to these two factors, the maximal inspiratory effort causes in- 
creased venous return to the right side of the heart, dilatation of the right side 
of the heart and inerease in the pulmonary capillary bed, and reflex slowing 
of the heart rate with consequent slowing of pulmonary blood flow. Since the 
alveolar oxygen tension is higher, the alveolar carbon dioxide tension lower, 
and the eireulation through the enlarged pulmonary capillary bed is slower, 
there is more time for the pulmonary eapillary blood to become better saturated 
with ©. and for the eseape of CO, from the blood into the alveoli.'® Arterial 
blood drawn at the height of the maximal inspiratory effort showed increased 
©, saturation far above the resting level, decreased pCO,, and shift of the pH 
to the alkaline side of normal. 

The shift in pH to the alkaline side may be a significant factor in its effect 
on the inerease in ©, saturation in that alkalinity increases the affinity of 
hemoglobin for oxygen. If, in addition to the maximal inspiration, a modified 
Valsalva experiment is performed, the same mechanism first enters into play, 
after which the alveolar air is then placed under an oral pressure of 40 to 
80 mm. Hg. This increased intrapulmonic pressure aids further in inereasing 
arterial ©, saturation, decreasing pCQO,, and shifting pH to the alkaline side 
by inereasing ©, tension when the volume of gas is compressed by contraction 
of the thoracic cage and elevation of the diaphragm. Venous return of greatly 
reduced hemoglobin from the extremities and head. and neek is halted at its 


entrance to the thorax and abdomen’; this decreases the return of greatly re- 
duced venous blood to the right side of the heart but allows visceral venous blood 
with less reduced hemoglobin to enter the thorax. At the same time the eardiae 
output is decreased and the pulmonary circulation retarded. The net result 
is an inereased A-A gradient with diffusion of greater amounts of O. across 


the alveolocapillary membrane into the blood while the CO, rapidly eseapes 
from the blood into the alveoli, owing to its greater coefficient of diffusion 
than that for ©, and also to the great dilution of alveolar CO, by the maximal 
inhalation which inereased the A-A gradient for CO... After release of the 
sustained pressure of the Valsalva experiment the arterial blood gases return 
quickly to their resting values. 
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It is postulated that the first type of abnormal response wherein there 
is a fall in both O, saturation and pCO, with a rise in pH indicates a reduction 
in functional pulmonary eapillary bed to a degree inversely proportional to 
the fall in arterial pCO,. In other words, the greater the fall in arterial 
pCO,, the less destruetion there is of pulmonary capillaries and therefore of 
pulmonary parenchyma. At this stage the aforementioned mechanisms in- 
volved in the Valsalva experiment are not able to inerease the arterial O, 
saturation because of the loss of inspiratory reserve volume and reserve pul- 
monary capillary bed which have been destroyed by rupture and coalescence of 
alveoli. However, owing to the greater diffusibility of CO,, the pCO, of the 
arterial blood decreases substantially. In addition, the presence of normal 
arteriovenous fistulas may allow a direct shunting of pulmonary arterial blood 
containing much reduced hemoglobin to the systemic circulation and this further 
decreases the arterial O, saturation of mixed arterial blood. 

A fall in arterial O, saturation, a rise in arterial pCO,, and a fall in 
pH occur as obstructive pulmonary emphysema progresses to hyperinflation 
of the lungs because of greater destruction of alveoli and of the pul- 
monary capillary bed, increased intrapleural pressure and development of 
pulmonary hypertension, and cor pulmonale. The mixing and diffusion 
of inspired atmospheric air are less effeetive and there is much lessened 
dilution of alveolar air. The Valsalva experiment with a reduced inspira- 
tory reserve volume is less effective, owing to more numerous and larger 
areas of ‘‘slow space’’'* ventilation and development of bullae and_ blebs. 
The A-A gradient in ‘‘slow space’’ areas and large bullae favor retention of 
CO, within the pulmonary capillaries with less diffusion of O, into the blood 
from the lungs. In the more severe cases of emphysema development of an 
abnormal system of collateral bronchopulmonary veins’ which anastomose with 
the pulmonary veins allowing backward flow of bronchial venous blood to the 
left side of the heart further decreases the systemie arterial O, saturation and 
increases its pCO, with a greater shift in pH to the acid side; greater thebesian 
venous drainage into the left side of the heart also contributes to hypoxia and 
hypereapnia. 

It is believed that the modified Valsalva experiment is of prognostic 
value in determining the degree of pathologie changes present in the pulmonary 
parenchma of individuals suffering with obstructive pulmonary emphysema. 
These changes are irreversible if the arterial ©. saturation fails to rise above 
the resting level of O, saturation during performance of the Valsalva ex- 
periment. On the other hand, if, with the Valsalva experiment, the arterial 
©, saturation inereases above the resting level, it is believed that pulmonary 
disease has not reached the stage of irreversible destruction and that use of 
proper breathing exercises, expectorants, and bronchodilators can be expected 
to improve both the ventilatory and respiratory functions. 


SUMMARY 


Forty-five patients with varying degrees of obstructive pulmonary em- 
physema were studied by analysis of arterial blood gases with the patient 
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rest, during a modified Valsalva experiment and following a standard 


exereise tolerance test. A definite relationship was noted between the values 
for the inspiratory reserve volume and the percentage of the predicted vital 
capacity and the arterial oxygen saturation and earbon dioxide tension. 
Valsalva experiment can be used as a guide to the pathologie severity, re- 
versibility, and prognosis of obstruetive pulmonary emphysema. 


The 
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PULMONARY FUNCTION TESTS IN FIFTY PATIENTS WITH 
BRONCHIECTASIS 


CHeRNIACK, M.D., KENNetH L. Vosti, M.D., Grorae A. Saxon, M.D., 
Mark H. Lepper, M.D., Harry F. M.D. 


Peerage ENT of the functional capacity of the respiratory apparatus 
in patients with bronchiectasis should be of value in characterizing the 
physiologic defects resulting from bronchiectasis and determining the effective- 
ness of therapy in slowing or reversing these changes. Since the disease usually 
progresses slowly over the course of many years, any favorable effect of therapy 
should slow or halt this process. Evaluation of therapy by elinieal criteria is 
difficult beeause it is often subjeetive. Obvious worsening or improvement of 
clinieal status may take a long while and thus delay the appraisal of therapy. 
Objective and quantitative tests have been devised to measure various aspects 
of pulmonary function and are sufficiently accurate to be sensitive to changes 
of about 10 per cent in magnitude. It is reasonable to assume that decreases 
in one or more specific pulmonary functions will become evident before meas- 
urable elinieal regression has occurred. 

Pulmonary funetion tests are also important because, as early mortality in 
bronchiectasis is decreased by antibiotic therapy of acute infections,** respira- 
tory difficulty becomes a relatively more important cause of disability in pa- 
tients with bronchiectasis. 

As a part of a 5-year study of the natural history of bronchiectasis we have 
performed certain pulmonary function tests on 50 patients with this disease. 
Only a few studies of ventilatory function in patients with bronchiectasis have 
been reported and a still smaller number which inelude tests of distribution of 
gas, diffusing capacity for oxygen, and venous admixture. Furthermore, many 
of the patients with bronchiectasis whose pulmonary function tests have been 
reported in the literature have been in the younger age groups * * ** “ whereas 
24 of our patients are 50 years of age or older. We are, accordingly, reporting 
the results of our tests in 50 patients with bronchiectasis. 


METHODS 


Tests of pulmonary function were done in 32 males and 18 females, all of whom 


showed evidence of bronchiectasis on bronchography. Their ages ranged from 16 to 75 
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years with a mean age of 48 years. In 9 patients the bronchiectasis was confined to 1 lung 
and in 41 it was bilateral. Six patients had eleetroeardiographie evidence of cor pulmonale and 
clinieal evidence of failure of the right ventricle. Two patients had hypogammaglobulinemia 
confirmed by repeated electrophoretic patterns obtained on paper strips.57 One patient 
had situs inversus and bronchiectasis. In 20 patients emphysema was demonstrated by 
clinical and/or x-ray examination. 

Lobectomies had been performed 3 or 4 years previously in 3 patients, in all of whom 
bronchiestasis had recurred. In 1 the right middle lobe had been removed; in the other 2 
the left lower lobe. 

No patient had had a cough for less than 2 years. Sixty per cent of the patients had 
had a cough for 10 or more years, 30 per cent for more than 20 years, and 14 per cent for 
more than 30 years. 

Daily sputum volumes ranged between 0 and 500 ml. Fifty-four per cent of the 
patients had daily sputum volumes of 100 ml. or more, and 16 per cent had daily sputum 
volumes of 200 ml. or more. 

The patients were classified according to the degree of dyspnea by the method of 
Bates and associates® as follows: 


Class 0: Normal for man of his age. 

Class 1; Capable of light work; walks one mile on the level; climbs 12 steps without 
undue stress, 

Class 2: Capable of sedentary work; goes to and from place of work; walks up to 
500 yeards on the level without stopping; can assist in household duties. 

Class 3: Capable of no work; can move about the house and assist in light house- 
hold duties such as laying the table. 

Class 4: Dyspnea—on some days Grade 5, on others Grade 3. 


Class 5: Bedridden; cannot move without dyspnea, 


Thirty per cent of the patients had no complaints of shortness of breath on exertion. 

None of the pulmonary function tests were performed while the patients had an acute 
lower respiratory tract infection. None had been confined to bed in the 2-week period 
preceding the day of testing. 

Measurements of vital capacity and one-seeond vital capacity were made with a 
Gaensler Vitalometer (Collins).15 The highest value of 3 trials was used. In normal 
individuals, the one-second vital capacity is at least 80 per cent of total vital capacity. 

Maximum breathing capacity was measured by having the patient breathe as rapidly 
as possible into a Douglas bag, collecting the expired air, and measuring it in a Tissot 
spirometer. Volumes were corrected to body temperature, pressure, and saturation. Abso- 
lute values for vital capacity and maximum breathing capacity were compared to the normal 
values determined by Baldwin and co-workers.” 

The air velocity index!? was calculated by dividing the per cent of the predicted 
maximum breathing capacity by the per cent of the predicted vital capacity. The resulting 
figure was considered to be related to the velocity of expired air. Theoretically the index 
in normal subjects should be 1.00 + 0.2, 

The evenness of distribution of inspired gas was determined by the nitrogen washout 
method. Each patient breathed 100 per cent oxygen for 7 minutes. At the end of that 
period an alveolar sample was obtained and its nitrogen content analyzed by a Nitralyzer 
(Custom Engineering). In normal subjects this alveolar sample contains 2.5 per cent 
nitrogen!” or less. 

Measurements of venous admixture and diffusing capacity were made aceording to 
the method of Lilienthal and Riley.2t | A Riley needle was inserted into the radial artery 
of each subject. Blood and gas samples were collected simultaneously both while the 
patients breathed room air and while they breathed a mixture containing 12 to 16 per 
cent oxygen. Blood samples were analyzed for oxygen and carbon dioxide tension by the 
Riley bubble method. Partial pressure of oxygen in the expired air was measured by the 
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Pauling oxygen analyzer (Beckman) and by means of a Liston infrared carbon dioxide 
analyzer (Beckman). Each patient breathed the low oxygen mixture for at least 10 minutes 
until a steady state had been achieved; the second blood and gas collection was made at the 
end of this period. An alveolar sample obtained at the end of this period was measured 
for partial pressure of carbon dioxide, and this result was compared with the value ob- 
tained for partial pressure of carbon dioxide in the blood. In those cases where the values 
were different, the higher determination was used in subsequent calculations. The higher 
value of carbon dioxide tension was used because, when the distribution of blood and gas 
to the lungs is nonuniform, the end-tidal carbon dioxide tension may be considerably 
(5 to 15 mm. Hg) below the arterial carbon dioxide tension. If the alveolar carbon dioxide 
tension is found to be higher, the gas analyses for arterial carbon dioxide tension are assumed 
to be in error since it is physiologically impossible for alveolar carbon dioxide partial pressure 
to be greater than arterial carbon dioxide pressure except during breath holding or pro- 
longed forced expiration. In either case, the higher carbon dioxide pressure is more likely to 
be the correct one.®1 

In one patient whose alveolar oxygen was already very low while he was breathing 
room air, a 30 per cent oxygen mixture was administered to obtain adequate alveolar and 
end pulmonary capillary oxygen tension necessary for this test, and the room air deter- 
minations were used for the low oxygen measurements. The difference between arterial and 
venous oxygen saturations was assumed to be 20 per cent for patients without cardiac 
disease and 40 per cent for patients with cardiac disease. The error that may be caused 
by these assumptions in the values obtained for diffusing capacity is small. Venous 
admixture and diffusing capacity were calculated graphically.27-29 Physiologie dead space 
was calculated from the Bohr equation.® Alveolar ventilation was determined by sub- 
tracting dead-space ventilation from total ventilation. 

In 3 patients the Riley needle either could not be inserted initially or became dis- 
lodged and could not be reinserted. In 12 patients duplicate analyses of oxygen and earbon 
dioxide failed to fall within the accepted range of + 3 mm. Hg. These tests were dis 
earded.26, 383 In 7 patients alveolar-arterial oxygen tension differences were so small 
(below +5) as to give falsely high values for diffusing capacity. In these 7 patients, there- 
fore, actual numerical values for diffusing capacity have not been presented. 

The diffusing capacity is expressed as the number of cubic centimeters of oxygen crossing 
the alveolar membrane per minute per millimeter of mercury pressure gradient. In terms of 
body surface area the lower limit of diffusing capacity’ is 9 ml. of oxygen per minute per mm. 
Hg per square meter of body surface area. 


Physiologie venous admixture or shunting of blood represents that part of the blood 
which is not in contact with oxygenated air. The accepted upper limit of normal for 
venous admixture is 6 per cent. 

Physiologie dead space is considered to be that portion of the expired air which does 
not come into contact with pulmonary blood. In normal individuals the ratio of physiologic 
dead space to tidal volume is 30 per cent or less. In normal individuals, arterial oxygen 
tension is 90 + 5 mm. Hg or more, CO, tension 40 + 2 mm. Hg,? and alveolar ventilation 4.2 
liters per minute, uncorrected for body surface area. 


RESULTS 

Mean values, standard deviations, and errors for all tests are given in Table 
I. The results of the ventilatory studies are given in Table IL. Vital capacity 
yas determined in 49 patients. In 2 patients the vital capacity was greater 
than 100 per cent of the expected value. In 18 patients (37 per cent) the vital 
capacity was 80 per cent of the expected value or greater, and in 20 patients 
(41 per cent) it was between 50 and 79 per cent of the expected value. In 11 


— 

é 

4 


696 CHERNIACK, VOSTI, SAXTON, LEPPER, AND DOWLING J. Lab. & Clin. Med. 

May, Ost 
of 49 patients (22 per cent) the vital capacities were between 25 and 50 per 
cent of the expected values. In no patient was the vital capacity less than 25 
per cent of the predicted value (Fig. 1). 
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Fig. 1.—-Vital capacity, one-second vital capacity, and maximum breathing capacity in 50 
patients with bronchiectasis 


TABLE 1. MEAN VALUES FOR PULMONARY FUNCTION TrsTS IN 50 PATIENTS WITH 
BRONCHIECTASIS 


TEST | MEAN * STANDARD DEVIATION + STANDARD ERROR 
Vital capacity 69.4 % + 19.5 + 2.8 of expected 
One-second vital capacity 63.4 % + 18.9 + 2.7 of total vital capacity 
Maximum breathing capacity 66.6 % + 25.6 + 3.6 of expected 
Air velocity index 0.827 + 0.31 + 0.04 
Index of alveolar mixing 4.1 % + 3.8 + 0.5 alveolar nitrogen 
Venous admixture 172 %+94+ 1.6 
Diffusing capacity 10.6 + ml. O,/min./mm. Hg/M? B.S.A. + 4.8 + 0.9 
Arterial saturation 93.0 % + 4.4 + 0.7 
Carbon dioxide tension 42.0 mm. Hg + 8.5 * 14 
Arterial oxygen tension 74.6 mm. Hg + 11.8 * 2.0 


Physiological dead space 
418.5 % + 10.9 + 18 


./min. + 1.4 + 0.3 
../min, + 0.7 + 0.2 


Tidal volume 
Total ventilation 5.5 
Alveolar ventilation 2.7 


Timed vital capacity, expressed as the per cent of total vital capacity ex- 
pired in the first second of maximal effort, was reduced in most patients. In 
10 of 49 patients (20 per cent) the measured one-seeond vital capacity was 80 
per cent or more of the total vital capacity, in 26 (53 per eent) it was between 
50 and 79 per cent of the total, and in 18 (27 per cent) it was less than 50 per 
cent of the total. None of these patients had a one-seeond vital capacity less 
than 25 per cent of the total vital capacity. 
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In 17 of 50 patients (34 per cent) the maximut: breathing capacity was 
80 per cent of the expected value or greater. In 16 (32 per cent) the maximum 
breathing capacity was between 50 and 79 per cent of the expected value; in 
12 (24 per cent) it was between 25 and 50 per cent of the expected value; and, 
in 5 (10 per cent) the maximum breathing capacity was less than 25 per cent 
of the expected value. 


TABLE I]. VENTILATION STUDIES IN 50 BRONCHIECTASIS PATIENTS 


| % V.C.\1 1 SEC. | M.B.C. | M.B.C. 
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Key to abbreviations : 3.8.A. body surface area; V.C. vital capacity measured 
liters per minute; % V.C. per cent of expected vital capacity; 1 See. l-second vital 
capacity, liters per minute; % 1 Sec. per cent of total measured vital capacity ; M.B.C, 
maximum breathing capacity, liters per minute; % M.B.C per cent of expected maximum 
breathing capacity, liters per minute; AVI air veloc ity index; Alv. Ne index of alveolar 
mixing, per cent nitrogen at 7 minutes. 


CASE NO. | SEX | AGE | | | AVI 
as | M 36 1.51 2.8 
1.41 2.5 
0.41 19.5 
0.76 2.0 

1.57 - 

0.77 7.0 

1.00 15 
1.05 0.8 

: 0.96 1.5 

l 1.08 05 

| 69 48 74 1.19 5.0 

: l 82 146 112 0.92 4.0 
i 79 76 63 1.37 3.5 

: 14 F 42 84 76 83 0.97 1.0 
15 M 44 45 53 51 0.60 4.5 
16 43 48 41 55 0.71 7.0 
: 17 F 39 48 50 58 0.73 4.0 
18 KF 40 69 126 139 1.43 0.3 
19 M 27 48 121 105 1.31 1.5 
Ns 20 F 62 108 36 61 62 0.57 6.0 
21 M 31 ti . 95 87 8.5 
7 22 M 54 54 24 26 0.68 2.0 
23 K 58 55 30 55 0.96 4.1 
24 M 46 100 91 73 1.49 0.8 
25 M 37 45 46 30 0.65 8.0 
iis 26 M 63 79 100 101 1.22 0.3 
; 27 M 68 60 42 52 1.13 2.5 
- 28 M 53 50 42 39 0.72 3.0 
29 M 52 32 41 41 0.53 9.0 
30 M 26 4 Be 87 92 79 1.03 4.0 

’ 31 M 69 83 1.6 55 62 76 0.92 - 
32 M 44 54 O.8 36 31 23 0.438 5.0 
. 33 M 39 55 0.7 32 51 42 0.76 7.0 
34 M 67 84 1.5 50 104 113 1.29 3.0 
35 M 63 69 0.7 28 24 24 O35 17.0 
: 36 ir 44 93 2.0 80 84 105 1.13 O5 
37 KF 73 47 0.9 69 48 61 1.29 O.8 
38 M 29 89 3.4 72 137 97 1.09 3.5 
: 39 M 55 40 1 59 27 31 0.77 2.0 
; 40 M 71 67 1 48 29 30 0.45 6.0 
41 K 52 60 1 74 44 59 0.98 2.3 
42 F 63 46 0 66 24 37 0.80 3.5 
2 43 M 38 34 0 62 21 21 0.62 2.5 
4A M 59 68 1 70 24 26 0.38 2.0 
: 45 F 39 83 1 71 79 79 0.95 1.5 
46 M 60 64 0 41 25 25 0.39 6.5 
47 F 35 oe 93 1 61 65 84 0.90 3.0 
48 K 18 2.0 1 70 87 96 1.63 0.6 
49 M 70 1.1 | ( 56 23 23 0.72 8.0 
50 KF 34 | 27 I _ 104 1.15 2.5 
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In 20 of 49 patients (41 per cent) the air velocity index was greater than 
1.0, while in 23 of 49 (47 per cent) it was between 0.5 and 1.0. In an addi- 
tional 6 patients (12 per cent) the air velocity index was less than 0.5. 

Reduction of maximum breathing capacity was associated with reductions 
in vital capacity, timed vital capacity, and air velocity index. The correlations 
between maximum breathing capacity and these other 3 factors were high, with 
a p value of 0.01 or less caleulated by the chi-square method. 
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Fig. 2.—Distribution of values attained for index of alveolar mixing, physiologic dead 


— tidal volume ratio, venous admixtures, and diffusing capacity in patients with bron- 
chiectasis. 


The index of alveolar mixing was determined in 48 patients. Fig. 2 shows 
the distribution of results in this test. The mean value of the entire group was 
well above normal limits. In 26 patients (53 per cent) the index was over 2.5 
per cent and in 16 (33 per cent) it was over 4 per cent. One patient had 19.5 
per cent nitrogen and another had 17 per cent nitrogen in his alveolar sample 
after 7 minutes. 

The results obtained in blood and gas studies for each patient are given 
in Table III. In 31 of 35 patients (89 per cent) the total dead space to tidal 
volume ratio was greater than 30 per cent (Fig. 2); in 17 (49 per cent) it was 
greater than 50 per cent, and in 3 (9 per cent) this ratio was greater than 60 
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per cent. Inereased dead space correlated well with decreased vital capacity 
(p = 0.01). Despite the increased dead space, alveolar ventilation in these pa- 
tients was normal, total ventilation being somewhat increased. 

In 4 of 35 patients the arterial saturation was below 90 per cent; in 2 it 
was below 87 per cent. This is much below the lower limit of normal of 92 to 
93 per cent. The mean arterial oxygen tension for the group was also reduced. 
In 2 of 35 patients the arterial tension was below 60 mm. Hg while the patient 
was breathing room air. 

The mean arterial carbon dioxide tension was within the upper limits of 
normal, However, in 7 patients (20 per cent) the arterial CO, tension was 
above 50, indicating significant ventilatory insufficiency. 

In only 6 of 35 patients (18 per cent) was the venous admixture, as eal- 
culated, within normal limits. In 24 patients (68 per cent) it was greater than 
20 per cent. 

While inereased venous admixture was a common abnormality, decreased 
diffusing capacity was not. In 23 of 35 patients (66 per cent) the diffusing 
capacity was within normal limits. No patient had a diffusing capacity less 
than 4.0. Of the 12 patients with abnormally low diffusing capacity, 10 also 
had an abnormally high degree of venous admixture. 
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°/o of expected maximum breathing capacity 
Fig. 3 Per cent of predicted maximum breathing capacity compared to class of dyspnea 
for patients. 

In a group of patients with known severe emphysema, Donald'' plotted 
effective alveolar-mean pulmonary capillary pressure against venous admixture 
and dead space. He found that inereased venous admixture and dead space 
occurred in those patients with the greater alveolar capillary gradients. Thus, 
he coneluded that the diffusion defeet that had been recorded in these patients 
was only apparent and was caused by a decrease in the total area of pulmonary 
membrane available for diffusion. However, in the present study little correla- 
tion was demonstrated between venous admixture, dead space, and inereased 
alveolar-mean capillary gradients. 
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Tests of correlation of each parameter of pulmonary function tested in the 
group were performed against grade of dyspnea, duration of illness, age, and 
sputum volume. No significant correlations were found except between maxi- 
mum breathing capacity and dyspnea (Fig. 3). In this ease the p value was 
less than 0.01 by the chi-square method. 


DISCUSSION 

Studies of pulmonary function in patients with bronchiectasis have been 
performed by Smith and associates,** by Anderson and associates,' and by 
Williams.** Their results are compared with the results obtained in this study 
in Table IV. In addition, Baldwin and associates* * examined 3 patients with 
bronchiectasis and found ventilatory defects in all 3, and decreased arterial 
saturation in one. Their studies are not ineluded in the table owing to insuf- 
ficient details in their report. 

In all but 2 of our patients some defect of pulmonary function was un- 
covered. <A high percentage of our patients had ventilatory defects and in- 
creased physiologic dead space to tidal volume ratios. 

Smith demonstrated that the ventilatory deficiency in bronchiectasis is pro- 
portional to the extent of the disease as shown by the decreased measured vital 
capacities and maximum breathing capacities found in these patients. Resection 
was shown by him to produce a further ventilatory loss proportional to the 
volume of the lung resected. 

In comparing our results with those of others it should be emphasized that 
almost all of our patients had extensive bilateral bronchieetasis and had experi- 
enced some degree of dyspnea on moderate exertion for many years. If Smith’s 
conclusion is correct, one would expect to find marked impairment in pulmonary 
function in many of our patients and this was indeed the case. Although our 
group was not typical and was considerably weighted by having so few patients 
with early bronchiectasis, it is precisely in these more severely affected patients 
that surgical resection is most difficult and least satisfactory, and it is they who 
must rely on medical management. 

Many factors besides disease can cause apparent defects in pulmonary fune- 
tion as measured by currently used tests. For instance, it is thought that after 
prolonged bed rest small areas of atelectasis may occur and pulmonary function 
may be deereased. Although half of our patients were unable to support them- 
selves entirely, none was confined to bed and all engaged in at least a moderate 
amount of activity. 

Excessive smoking, liver disease, and other chronic diseases may alter pul- 
monary function.” '® However, there is no evidence that these occurred more 
frequently in our patients than in a group of subjects without bronchiectasis 
in a similar age range. 

Half of our patients were over 50 years of age and it is known that aging 
in itself ean depress pulmonary function. It is likely that aging tended to in- 


crease the abnormalities measured in these patients. Tenney®® in a study of 
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18 normal men over 68 showed that mean anatomic dead space was increased 
but that the range of variation was great. Greifenstein™ studied lung function 
in 11 men and 10 women over 50 years of age with no apparent pulmonary dis- 
ease. The mean age of his group was 61.5 years. Although he found abnor- 
malities of arterial saturation, gas distribution, and ventilatory funetion in 
some, the abnormalities he discovered were not so great nor did they oeeur in 
so high a percentage of his total group as did the abnormalities demonstrated 
in our group of patients with bronchiectasis. The mean arterial saturation for 
Greifenstein’s group of 21 patients over the age of 50 was 96.5 per cent com- 
pared to 93.0 per cent for our patients. In only one of his patients was the 
arterial saturation below 93. Mean values for the washout of nitrogen were 
1.57 per cent after 7 minutes for men and 1.1 per cent for women. Only two 
of his patients showed an abnormal value for this test. It is difficult to compare 
(Greifenstein’s results for vital eapacity and maximum breathing capacity with 
our own, sinee values for individual patients are not given and his results are 
expressed in terms of absolute values only. 

Moreover, there was no correlation between age and degree of impairment 
of any of the pulmonary function tests in our patients; this apparently indi- 
cated that the extent of disease process rather than aging was the more im- 
portant factor. 

Baldwin has defined two kinds of pulmonary decompensation: (1) ventila- 
tory insufficiency, and (2) alveolar-respiratory insufficiency. In ventilatory in- 
sufficiency the defeet is primarily in the bellows action of the lungs and is re- 
flected in abnormalities in the vital eapacity, the one-second vital capacity, and 
the maximum breathing capacity. In alveolar-respiratory insufficiency there are 
defects in diffusion and distribution of blood and gas. Defects in the latter 
group are reflected as physiologic abnormalities in intrapulmonary mixing, 
diffusion, dead space, and venous admixture. 

In our series most patients had abnormalities in both these groups of tests 
and the vast majority had multiple abnormal tests. 

The relative importance of the different mechanisms by which such marked 
alterations in pulmonary physiology are produced in bronchiectasis cannot be 
clearly delineated. Exeessive seeretions and bronchospasm undoubtedly hinder 
the movement of air into and out of the lungs, thereby deereasing measured 
values of timed vital capacity and maximum breathing eapacity. Pulmonary 
fibrosis and pleural adhesions following repeated attacks of bronchopneumonia 
and pleural effusion can seriously limit vital capacity and decrease diffusion 
from alveoli to eapillaries. Similarly, small areas of atelectasis and emphysema 
can eause maldistribution of gas to alveoli. Communications between bronchial 


and pulmonary arteries can increase dead space and decrease diffusing capacity. 


Dilatation of the bronchi can also increase dead space and pulmonary fibrosis 
may deerease diffusing capacity. 

Obstruction to air flow and maldistribution of gas and blood, as evidenced 
by inereased dead space and venous admixture, were particularly striking in 
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our patients. Maximum breathing capacity was reduced more than vital ea- 
pacity in some patients. Therefore, the air velocity index was also reduced. 
Giaensler’’ has shown that the index is more than 1 in patients with diseases 
which restrict the movement of the lungs, as in pulmonary fibrosis. When the 
index is less than 1, the disease is primarily obstructive as in asthma or em- 
physema. In our patients, the mean was 0.83 and in 12 per cent of the cases 
the index was less than 0.5. 

Venous admixture can be divided into that part caused by true or anatomic 
communication, as may occur between the bronchial and pulmonary veins, and 
virtual or physiologie venous admixture which oceurs when blood perfuses 
poorly ventilated alveoli. True anatomic shunting between bronchial and pul- 
monary veins oceurs particularly in loealized areas of emphysema and this may 
account for part of the increased shunting that was measured in these patients. 
Virtual shunting probably played an even greater role. When secretions pre- 
vented air from entering certain alveoli, pulmonary capillary blood perfusing 
these alveoli could not be oxygenated and would contain only venous concen- 
trations of oxygen. 

Venous admixture, although already greatly increased in these patients, 
might have been even greater if it were not for communications that are said 
to exist between bronchial and pulmonary arteries in bronchiectasis. Liebow" *° 
has demonstrated these communications anatomically in patients with this dis- 
ease. Sinee the blood in the bronchial arteries is at systemic pressure, some of 
it flows in these communications from bronchial to pulmonary artery. This 
flow probably serves to divert pulmonary blood from flowing through diseased 
areas and thereby tends to decrease the amount of physiologie venous admixture. 
Roosenburg and Deenstra*’ by catheterization studies demonstrated increased 
oxygen tension in blood from the pulmonary arteries of patients with bron- 
chiectasis. Fishman'® found pulmonary collateral blood flows of 1 liter per 
minute in subjeets with bronchiectasis. 

Dead space is considered to be that portion of the inspired air which does 
not come into contact with flowing blood. Like venous admixture it is divided 
into physiologic and anatomie types. Anatomie dead space consists of the 
volume of inspired gas which cannot, for anatomic reasons, contact pulmonary 
capillary blood. It consists for the most part of the gas in the trachea and 


bronchial tree. Physiologie dead space, on the other hand, is caused by an 


abnormal deerease in the perfusion of pulmonary capillaries or an abnormal 
increase of ventilation in a normally perfused area. 

The inereased dead space found in 89 per cent of the patients studied eould 
be caused by inereased volume of the tracheobronchial tree or the ventilation 
of poorly perfused alveoli. Considering the dilatations of the bronchi which 
are found in this disease the former explanation seems far more likely. Em- 
physematous changes in the lungs probably contributed to the increased dead 
space in some patients, but in the majority the dead space was inereased with- 
out evidence of emphysema. 
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Another factor that may contribute to increased effective dead space in 
these patients is the arterial blood flowing from the bronchial arteries through 
the pulmonary capillaries. This left-to-right shunt of blood which has already 
passed through pulmonary capillaries reduces the gradients of gas tension across 
the alveolar-eapillary membrane. The result is decreased gas exchange in these 
alveoli and a small contribution to physiologic dead space. 

For the same reason arterioarterial shunting would decrease diffusing ¢a- 
pacity. Since little or no diffusion could take place when oxygen tension in the 
alveoli was at the same tension as bronchial arterial blood the total effeetive 
diffusion would be decreased and diffusing capacity would be decreased when 
it is measured for the total lung as in the Riley method. Numerous broncho- 
spirometrie studies in patients with bronchiectasis have shown little or no oxy- 
gen uptake from diseased areas. Roosenburg*® believes that in extreme cases 
oxygen may even diffuse into the alveoli from the blood. 

Studies by Marks,?* Austrian,? and Donald" have shown that increased 
venous admixture is often associated with decreased diffusing capacity. Donald 
and associates'' have stated that in patients with severe disease of the lung it is 
difficult to distinguish venous admixture from defects of diffusion. 

Decreased diffusing capacity occurs in two situations: (1) When the 
total effective area available for diffusion is deereased, and (2) where the 
alveolar-eapillary membrane is so altered that diffusion through it is impeded. 

In chronic disease states of the lung where some alveoli are ventilated and 
not perfused and some perfused and not ventilated, the total effective area 
for diffusion will be decreased without any real change occurring in the alveolar- 
capillary membrane. The fact that we find no relationship between venous 
admixture, dead space, and effective alveolar-mean capillary oxygen gradient in- 
dieates that perhaps in some of our cases of bronchiectasis enough changes had 
occurred in the alveolar-capillary membrane to cause a primary defect in 
diffusion. 

SUMMARY 

Vital capacity, one-second vital capacity, maximum breathing capacity, 
air velocity index, index of alveolar mixing, physiologic dead space, venous 
admixture, and diffusing capacity were determined in 50 patients with bronechi- 
ectasis confirmed by bronchography. 

At least one of these tests was abnormal in 48 patients and more than one 
test was abnormal in nearly every patient. 

In 63 per cent of the patients tested the vital capacity was less than 80 
per cent of the expected value; in 66 per cent the maximum breathing capacity 
was less than 80 per cent of the expected value; and in 80 per cent the one- 
second vital capacity was less than 80 per cent of the total vital capacity. 


The index of alveolar mixing was greater than 2.5 per cent in 53 per cent 
of the patients in this series, and the air velocity index was less than 1 in 59 
per cent. 
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The physiologic dead space was greater than 30 per cent of the tidal 
volume in 89 per cent; venous admixture was greater than 6 per cent in 82 
per cent; and diffusing capacity was less than 9 ml. of O, per minute per 
millimeter of mercury per square meter in 34 per cent of the patients tested. 


Maximum breathing capacity correlated well with vital capacity, one- 
second vital capacity, and air velocity index. Maximum breathing capacity 
also correlated well with degree of dyspnea as judged by the patients’ histories. 


Vital capacity and physiologic dead space were also closely correlated with 
tidal volume. 


The relationship of these physiologic abnormalities to the disease, bronehi- 
ectasis, has been discussed, 


We wish to thank Drs. Joyce Z. Pearson and Ronald E. Fox for clinical assistance and 
Miss Margaret Mellody, Miss Mae Hasegawa, Miss Jean Jaraez and Mr. Carell Hutchinson 
for technical assistance. 
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HUMAN THROMBOCYTES AND LEUKOCYTES AS A SOURCE OF 
SOME OF THE ACID MUCOPOLYSACCHARIDES OF SERUM 


GraAcE Kersy, M.D., anp Nancy M, LANGLEy, B.S. 
Duruam, N. C. 


+ THE course of recent studies of acid mucopolysaecharide levels in human 
, plasma’ it was observed that levels of hexuronate-containing polysac- 
charides in human plasma were considerably lower than those reported in 
human serum by Bollet and associates.2 This discrepancy had been noted 
previously by Bollet,® and the higher levels in human serum were confirmed 
subsequently in our laboratories. The present study was initiated to com- 
pare levels in simultaneously drawn plasma and serum samples, using the 
method of Bollet and co-workers for recovery of the acid muecopolysac- 
charides.*. If the discrepancy in levels was again observed, a further ob- 
jective was to determine its source. 

Serum levels consistently exceeded plasma levels provided that the clot- 
ting process proceeded unhampered and provided also that the usual cellular 
components were present in the whole blood. Acid mucopolysaecharides in 
human leukocytes have been reported previously.“ °® The finding of acid 
mucopolysaecharides in thrombocytes has been reported in rats.° The present 
study demonstrated the occurrence of acid mucopolysaccharides in human 
thromboeytes also. The over-all findings suggested that leukocytes and per- 
haps thrombocytes were at least one source for the higher level of acid muco- 
polysaccharides in human serum as compared to plasma. 


METHOD 


Blood was obtained by venipuncture from hospitalized patients, using siliconized 
syringes and a rapid withdrawal technique. The blood was dispensed promptly in ap- 
proximately 5 ml. amounts to a series of nonsiliconized 13 by 100 mm, glass tubes, either 
empty or containing 5 mg. dry potassium oxalate and 7.5 mg. dry ammonium oxalate. 
This constituted the usual and standard method for obtaining plasma for the studies 
reported here (including Table I and Table II, A and C), For particular studies (Table 
II, B), blood was permitted to stand briefly before being oxalated so that, after tubing, 
spontaneous sedimentation still occurred but without evidence of surface buffy coat when 
centrifuged, indicating that early and incomplete clotting had trapped these elements 
in the erythroeyte column, The purpose of this was to see if the early stages of clotting 
produced the same elevation of acid mucopolysaecharide level as did complete clotting. 
In other studies (Table Il, D), silieonized tubes were used for collection of blood both 
for serum and for oxalated plasma. The blood for serum was then permitted to stand 


at room temperature as long as was necessary for clotting and retraction to occur, 
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before removal of serum. In other studies not tabulated (see Results), blood was obtained 
simultaneously for multiple lots of serum and was permitted to stand at room tempera- 
ture for varying periods of time before removal of serum from the clot. 


The blood was obtained variously from patients with no demonstrable inflammatory 
diseases, with inflammatory diseases unrelated to connective tissue disease, with con- 
nective tissue disease, and with leukopenia (with or without accompanying connective 
tissue disease). 


Acid mucopolysaccharides were recovered from plasma or serum by the method of 
Bollet and co-workers? and were measured by the carbazole method of Dische.? 


Thromboeytes were separated from blood by the method of Dillard and associates.’ 
Acid mucopolysaccharides were recovered by application of the method of Bollet and 
co-workers.2, Paper chromatographic studies of the hexuronate-containing polysaccharides 
recovered from thrombocytes employed methods previously reported.s Quantitative and 
qualitative studies of the hexuronate-containing polysaccharides* in thromboeytes are in 
progress and will be reported later. 


TABLE I. Ratio* or Acib MUCOPOLYSACCHARIDES OF SERUM TO THOSE OF SIMULTANEOUSLY 
OBTAINED PLASMA 
C-REACTIVE 

PATIENT (SEX, AGE, AND DIAGNOSIS ) PROTEIN RATIO 
headaches 107 
headaches 116 
subacute bacterial endocarditis, treated 121 
peptic ulcer 123 
; endophthalmitis, treated 160 
ruptured nucleus pulposus 163 
retinal detachment 166 
epilepsy 194 
rheumatoid arthritis : 132 
pneumonitis i+ 135 
tetanus; urinary tract infection 150 
; acute rheumatic fever Ss 151 
bronchiectasis 171 
degenerative and rheumatoid arthritis 197 
. 59; chronic lung disease 199 


RESULTS 

The data are reported as the ratio of serum acid mucopolysaccharides 
to plasma acid mucopolysaecharides times 100.t Table I summarizes the data 
obtained by the standard method first outlined, using patients with no 
hematologie abnormalities. It will be noted that in 13 of the 15 patients stud- 
ied, the serum level exceeded the plasma level by 20 per cent or more. 

With one exception, a small group of patients with leukopenia showed 
little difference between plasma and serum levels (Table Il, A). This was 
noted also when leukocytes were removed from plasma by allowing blood to 


*Preliminary studies indicate a general order of magnitude in normal individuals of 
40 to 50 we per total thrombocytes in 100 mil. blood as compared to a general order of 
magnitude of about 15 to 20 we per total leukocytes in 100 ml. blood all measured as hexu- 
ronic acid. It would appear, however, that this is subject to variation in disease states, and 
further comment must await extension and report of current investigations. 

tAbsolute levels of plasma acid mucopolysaccharides determined in this laboratory, using 
identical methods and comparable groups of patients, have been reported in detail previously.* 

tThe maximal cumulative error accepted in the methods used was 10 per cent, All 
determinations were run in duplicate as reported previously,’ and results were discarded 
if the duplicates fatled to check within 10 ver cent. 
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Fig. 1.—Chromatographic comparison of human thrombocyte fraction with chondroitin 
sulfate A, B, and C, heparin, and heparitin sulfate. Solvent 50 per cent ethanol in pH 6.5 
M/15 phosphate buffer. 


Fig. 2.—Chromatographic comparison of human thrombocyte fraction with chondroitin 
sulfate A, B C, heparin, and heparitin sulfate. Solvent 38 per cent n-propanol in pH 6.8 
M/15 phosphate buffer 
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stand very briefly before adding oxalate; although no grass clotting occurred, 
the leukocytes were trapped in the erythrocyte column; the acid mucopoly- 
saccharide content of the supernatant plasma then equaled that of the cor- 
responding serum taken off grossly clotted blood (151 and 139 pg per 100 
ml. serum, respectively; Table Il, B), incomplete and early clotting thus hav- 
ing appeared to produce the same elevation of acid mucopolysaccharide level 
as did complete clotting. Defibrinated plasma did not vary from plasma in 
acid mucopolysaccharide content (Table Il, (). Serum from blood permitted 
to clot in siliconized glass tubes was variable in content as compared to serum 
collected in uncoated glass tubes, the latter twice equaling and twice con- 
siderably exceeding the former (Table II, D). 


TABLE II. Ratio® oF Acib MUCOPOLYSACCHARIDES OF SERUM TO THOSE OF PLASMA IN 
VARIOUS SITUATIONS AFFECTING BLOOD COAGULATION OR LEUKOCYTE CONTENT 


PATIENT (SEX, AGE, AND C-REACTIVE 
DIAGNOSIS ) VARIANT SITUATION t PROTEIN RATIO 
M. 35; drug reaction W.B.C. 3,850 with 44 per cent P.M.N.} 0 106 
suspected 
M. 48; Felty’s syn- W.B.C, 1,350 with 16 per cent P.M.N. 5 104 
drome On prednisone 
W.B.C. 1,850 179 
M. 29; Hodgkin’s W.B.C. 600 with 70 per cent P.M.N.; ‘ 
disease thromboeytes 7,000. nitrogen 
M. 46; leukemia, prob- mustard 
ably myelocytic W.B.C. 1,400 with 45 per cent P.M.N. 
On 6-mereaptopurine 
M. 62; folliculitis Delay before oxalating blood§ for 
plasma 
M. 43; ruptured nu- Standard plasma method§ 
cleus pulposus 
Plasma defibrinated with thrombin 


M. 59; chronie lung Ratio is that of serum from glass tubes 
disease to serum from siliconized glass tubes 

M. 40; rheumatoid Ratio is that of serum from glass tubes 
arthritis to serum from siliconized glass tubes 

M. 57; scleroderma Ratio is that of serum from glass tubes 
to serum from siliconized glass tubes 

M. 54; rheumatoid Ratio is that of serum from glass tubes 
arthritis to serum from siliconized glass tubes 


“uge/100 mil. serum 
ue/100 mi. plasma 
*Thrombocytes normally present except as noted. 
tP.M.N. polymorphonuclear neutrophil leukocytes. 
§See Methods. 


*Ratio: 100, except as otherwise stated 


Serum separated from the clot after 1.5, 4.25, and 8.25 hours of standing 
at room temperature showed no. significant differences in content of acid 
mucopolysaccharides. 


Hexuronate-containing polysaccharides were recovered from human 
thromboeytes. Chromatographieally on paper the major metachromatie* eom- 
ponent showed a mobility similar to that of either chondroitin sulfate B or 
heparitin sulfate (Figs. | and 2).t The chromatographic techniques used did 


*Toluidine blue stain. The dark spot at the origin of the thrombocyte fraction (Figs 
1 and 2) was not metachromatic. All other material visible on photographs was meta- 
chromatic. 

*The author is indebted to Dr. Karl Meyer for his kindness in furnishing samples of 
the purified acid mucopolysaccharides used as standards in the chromatographic studies, 
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not differentiate sufficiently between these two substances to permit closer 
definition, nor did they establish identity of the thrombocyte fraction with 
either chondroitin sulfate B or heparitin sulfate. Other techniques are in 
progress and will be reported on later. 

Plasma remaining after removal of thrombocytes could be compared only 
with plasma from blood similarly anticoagulated with disodium ethylene- 
diaminetetraacetate. In one patient comparison of levels of hexuronate- 
containing polysaccharides in plasma obtained by centrifuging whole blood 
with levels in the same plasma from which intact thrombocytes were first 
removed by the method of Dillard and associates* yielded a ratio of 156 (223 
and 135 pg per 100 ml. plasma, respectively). Comparison of levels in plasma 
obtained by centrifuging whole blood with levels in the same plasma to which 
additional autologous platelets were added after centrifuging showed essen- 
tially equal levels (223 and 209 pg per 100 ml. plasma, respectively). 


DISCUSSION 


The demonstration of acid mucopolysaeccharides in human thrombocytes 
was an expected event in view of the prior demonstration of such substances 
in the thromboeytes of rats.° Coupled with the prior demonstration of acid 
mucopolysaccharides in human leukocytes," ° this suggested two possible 
sources for the increased amounts of acid mucopolysaccharides found by the 
method of recovery of Bollet and co-workers? in human serum as compared 
to plasma. The studies reported here demonstrated that the higher level in 
serum was dependent on the normal occurrence of at least the early phase 
of the blood-clotting process and that the level was not increased further by 
allowing the blood to stand once clot retraction had commenced. The higher 
level was not dependent on the formation of a fibrin clot per se, since produc- 
tion of a fibrin clot by addition of thrombin to plasma did not increase the 
yield of acid mucopolysaccharides. The studies suggested that trapping of 
leukocytes and perhaps thrombocytes in the clot was necessary for production 
of a serum level of acid mucopolysaecharides in excess of the corresponding 
oxalated plasma level. 

Since it has been shown' that the elevation of acid mucopolysaccharides 
in human plasma in various inflammatory states is an acute phase response, 
the possibility of a relationship between blood clotting and the production 
of acute phase reactants was attractive. A preliminary survey of the level 
of certain other acute phase reactants (C-reactive protein and sialie acid) 
has thus far failed to support such a hypothesis. The possibility is still re- 
ceiving consideration, however, and is under investigation. Further studies 
both qualitative and quantitative of the hexuronate-containing polysaccha- 
rides of human thrombocytes are also in progress. 


SUMMARY 


1. The level of acid mucopolysaccharides recovered from human serum, 
using the method of recovery of Bollet and co-workers,? usually considerably 
exceeded that of the corresponding oxalated plasma sample. 
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2. The higher level in serum was dependent on the occurrence of at least 
the early phase of blood clotting. 
3. Hexuronate-containing polysaccharides were recovered from human 
thrombocytes in the present study and from human leukocytes in studies 
previously reported. 


4. Circulating thrombocytes and leukocytes trapped in the early phase of 
blood clotting may have been a source of the inereased amounts of acid 
mucopolysaecharides observed in serum as compared to plasma. 
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GLUTAMINE ESTIMATION IN CEREBROSPINAL FLUID IN CASES 
OF LIVER CIRRHOSIS AND HEPATIC COMA 


Gitox, M.D., ARYeH SzeEINBERG, PH.D., GiseLLA TAUMAN, Mor. Cuem.,, 
AND Eva Boponytr, Pu.D. 
[ISRAEL 


LINICAL and experimental observations suggest that faulty nitrogen me- 
tabolism may be an important factor in the genesis of hepatie coma. High- 
protein diet or certain nitrogenous substances given to patients with liver 
cirrhosis produce a condition clinically indistinguishable from hepatie coma. 
Elevated blood ammonia levels have been repeatedly reported in these con- 
ditions, but in many patients no correlation with the mental state has been 

Investigation of other metabolie factors has recently included measure- 
ments of ghitamine in the cerebrospinal fluid (C.S.F.). Walshe? re- 
ported raised concentrations of glutamine in the C.S.F. of patients in hepatic 
coma. Whitehead and Whittaker" confirmed these findings and proposed sim- 
ple chemical and chromatographie methods for the estimation of glutamine 
in the CUS.F. 

This report summarizes our experience with glutamine estimation in 
cerebrospinal fluid as a biochemical aid in the differential diagnosis of hepa- 
tie coma, 


MATERIALS AND METHODS 


Chromatographic Method,—Cerebrospinal fluid, 0.02 ml., is placed on Whatman No, 1 
chromatographic paper (20 by 20 em. square) along a 3 em. line. An ascending chromatog 
raphy of 18 hours’ duration is performed in the following solvent: Isopropanol, 75 parts; 1 
per cent NaCl in distilled water containing 0.5 per cent urea, 25 parts. The color is devel 
oped by immersing the paper in ninhydrin reagent and then warming the wet paper at 60° 
(. for 20 minutes, 


Chemical Method. The method of Whitehead and Whittaker!!! was used. 


Materials. 


The case material was divided into 5 groups: 


1. Patients with hepatie coma (diagnosis based on clinical history and neurologic 


syndrome), Hepatic coma is referred to as all alterations in the state of consciousness 
in patients with severe liver disease whether true coma exists or is only expected.1% 

The neurologic status was graded as 0 (normal), 1 (minor disorder of consciousness 
amd the motor system), 2 (gross disorder of consciousness and the motor system), or 3 
(coma ).6 


2. Cases of liver cirrhosis without hepatie coma, 


3. Patients with liver pathology other than cirrhosis (e.g., infectious hepatitis, fatty 
degeneration of liver, ete.), None of these patients had central nervous system symptoms. 


From the Government Hospital, Tel-Hashomer, Israel. 
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4. Patients with coma of nonhepatie origin (e.g., diabetic, uremic, and cerebrovas 
cular accidents). 


5. Miscellaneous control vases (e.g., meningitis, poliomyelitis, and routine neurologic 
cases), 


RESULTS 


By Chromatographic Method Chromatograms of C.S.F. in all the con- 
trol cases showed only a very faint band of glutamine. In those patients 
with liver cirrhosis uncomplicated by central nervous system symptoms there 
was only a slightly more intense band of glutamine. On the other hand, in 
all cases of hepatic coma, a very prominent and easily identified band was seen. 

By Chemical Method.—The results of the chemical method are summa- 
rized in Fig. 1. The normal levels of glutamine in C.S.F. in our laboratory 
range from 5 to 22 mg. per cent. Values in patients with cirrhosis of the 
liver without neurologic manifestations were usually significantly elevated 
(range 13 to 30 mg. per cent). The highest values were obtained in hepatic 
coma and there was almost no overlapping with the glutamine levels of the 
other groups. Two cases demonstrating the value of this test in the differ- 
ential diagnosis of hepatie coma, and the correlation between the neurologic 
state and the glutamine level in the C.S.F. are presented. 


CASE REPORTS 

CASE 1.—A 60-year-old woman has been admitted to the Tel-Hashomer Hospital several 
times since 1952. Her chief complaints have been weakness, abdominal pain, and recurrent 
episodes of disturbance in consciousness sometimes to the extent of stupor or even coma 
(Grade 3). The following combined diagnosis was made: arteriosclerotic heart disease, 
diabetes mellitus, seropositive syphilis, and cirrhosis of liver (proved by liver biopsy). On 
Oct. 30, 1957, she was hospitalized again because of ‘‘strange behavior’’ at home, On 
admission she was apathie and disorientated, Neurologic examination was negative. Her 
liver and spleen were enlarged, There was no free fluid in the abdomen. An electroen 
cephalogram showed a generalized disturbance characterized by a slowing of the funda 
mental rhythm to 4 to 6 waves per second. Laboratory findings were; urea 14 mg. per cent, 
glucose 156 mg. per cent, thymol flocculation strongly positive, and thymol turbidity 9 units. 
On routine examination of cerebrospinal fluid there were no pathologic findings. Glutamine 
content of the C.S.F. was 52 mg. per cent, 

The patient was put on a low-protein diet and given oral antibiotics. In the course 
of 5 days her condition improved, and she became alert. The glutamine level in’ C.S.P. 
dropped to 21 mg. per cent. Administration of ammonium chloride was followed by a 
marked deterioration and a rise in the glutamine level, The changes in her condition are 
summarized in Fig. 2. Handwriting has been used as a test of the mental state and yood 
coordination.§4 A close correlation has been found between the handwriting, the neurologic 


status, and the glutamine levels in C.S.F. (Fig, 2 


Cask 2.—A 62-year-old man was found unconscious in the street. On admission we 
found coma, stertorous breathing, spasticity of the lower extremities with bilateral flexor 
plantar response, but positive ankle clonus. No physical signs suggestive of liver disease 
were observed. He was not accompanied by relatives and therefore no history whatsoever 


could be obtained. Laboratory examinations revealed the following: blood urea 3S mg. 


per cent, blood glucose 137 mg. per cent, no barbiturates found in urine. The glutamine 


level in C.S.F. was 51 mg. per cent and on the following day 69 mg. per cent, On the 
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Fig. 1 Results of the chemical method of estimation of glutamine levels in cerebrospinal 
fluid 
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Fig. 2.—Treatment, neurologic status, handwriting, and glutamine levels in cerebrospinal fluid 
of a patient in hepatic coma (Case 1). 
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basis of these laboratory results a diagnosis of hepatic coma was made. The patient died 
2 days after the admission. Postmortem examination revealed liver cirrhosis and gastro 
intestinal bleeding. 


From the study of 19 cases the following observations concerning the cor- 
relation between the glutamine level and the neurologic status were made: 


1. In the same patient improvement in the neurologic status was accom- 
panied by a drop in the glutamine level, which rose again on deterioration. 

2. No fixed correlation however was found between the grade of coma 
and the glutamine level in various patients. For instance, in one case with 
a Grade 3 coma, C.S.F. glutamine of 41 mg. per cent was found, while in 
another case with a glutamine of 59 mg. per cent only a mild neurologic dis- 
turbance (Grade 1) was observed. (Fig. 3.) 


CASE MEVROLOGICAL STATE | GLUTAMINE CLEVE 
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Fig. 3.—Correlation between glutamine levels in cerebrospinal fluid and the neurologic state 
of patients in hepatic coma. 
DISCUSSION 

The chromatographic method of glutamine demonstration in C.S.F. as 
described by Whitehead and Whittaker’! necessitates previous desalting and 
deproteinization of the fluid. With the method described here, no such prep- 
aration is required. This method is well suited for demonstration and identi- 
fication purposes, but owing to the length of time required for its comple- 
tion, its value for diagnostic purposes is limited. The chemical method of 
Whitehead and Whittaker is preferable for this purpose; it requires not more 
than half an hour for its completion, it is simple, does not require any special 
reagents or equipment, and every technician versed in blood urea examination 
can perform it easily. 

The results fully confirm the earlier observations that the glutamine level 
in the C.S.F. is significantly elevated during hepatie coma and that it parallels 
the neurologic state of the patient. The results suggest that a high glutamine 
Jevel in the C.S.F. is pathognomonic of hepatic coma. We have never observed 
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a glutamine level above 35 mg. per cent in a_ patient without disturb- 
ances of consciousness. In comatose states not due to liver pathology, gluta- 
mine levels were found to be normal. We know of no other biochemical 
finding which could, by itself, permit the diagnosis of this condition. A high 
bilirubin level and the disturbed liver function tests present in advanced liver 
disease do not exclude the possibility that a patient with such an ailment 
could be in a state of coma because of a cerebrovascular accident, diabetes, 
uremia, or barbiturate poisoning. Cases 1 and 2 demonstrate well the value 
of glutamine estimation in the differential diagnosis of coma in patients suf- 
fering from several disorders or in patients whose previous ¢linical history 
is unobtainable. 

A hypothesis has been proposed that the hepatic coma is caused by in- 
terruption of the citric acid eyele by removing a-ketoglutarate and thus block- 
ing the production of the subsequent components of the evele’”''® On the 
basis of this hypothesis the elevation of C.S.F. glutamine could be explained 
as follows: the increased ammonia, reaching the brain in patients with liver 
disease, combines with the a-ketoglutarie acid to form glutamic acid and sub- 
sequently glutamine which may be then found in high coneentration in the 
C.S.F., but not necessarily in the blood because of the blood brain barrier. 
A logical sequence of such a hypothesis would be the administration to pa- 
tients in hepatic coma of glutamie acid or a-ketoglutarie acid to bind the ex- 
cessive ammonia and thus prevent the interruption of the Krebs’ eyele in the 
brain, 

The reported failures of the treatment by glutamic acid and a-ketoglu- 
tarie acid given orally or intravenously could be explained by the inability 
of these substances to reach the brain through the above-mentioned barrier. 
Perhaps administration of glutamie acid or a-ketoglutarate direetly into the 
subarachnoid space would overcome this difficulty. 

Of course, these are only speculations as the hypothesis of depletion of 
e-ketoglutarie acid in the brain in hepatie coma has not been proved, and 
contradictory evidence has been pointed out by Summerskill and associates! 
who found increased levels of a-ketoglutarie acid in the C.S.F. of patients 
in hepatic coma. On the other hand, supporting evidence for this theory 
is afforded by the finding of Bessman'* that injection of ammonium salts into 
rats leads to a significant decrease in the concentration of a-ketoglutarie acid 
in the brain tissue. 

SUMMARY 

1. Chemical determinations of the cerebrospinal fluid glutamine uniformly 
revealed an elevation (23 to 96 mg. per cent) in cases of hepatie coma. 

2. In cases of liver disease without coma and in cases of coma due to 
causes other than liver disease, glutamine levels in cerebrospinal fluid were 
never higher than 35 mg. per cent. 

3. The findings suggest that elevation of glutamine in cerebrospinal fluid 
is pathognomonic of hepatic coma. 
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4. A simple chromatographic method for the demonstration of glutamine 


in cerebrospinal fluid is deseribed. It is, however, not suitable for quantita- 


tive determination. For rapid laboratory diagnosis the chemical method of 
Whitehead and Whittaker is preferable. 
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URINARY 17-HYDROXYCORTICOSTEROID EXCRETION IN THE 
NORMAL RHESUS MONKEY 


NatHan R. ROSENTHAL, Pu.D., AND JOHN W. Mason, M.D. 
WASHINGTON, D. C. 


HE measurement of urinary 17-hydroxyeorticosteroid (17-OHCS) con- 

centrations, especially in conjunction with plasma 17-OHCS determina- 
tions, has considerable practical value as an index of adrenocorticotrophic 
(ACTH) secretion. It is particularly suitable for the study of chronic 
or prolonged alterations in pituitary-adrenal cortical activity over a_pe- 
riod of days or weeks, permitting frequent measurements on individual 
animals without the limiting considerations attendant to repeated veni- 
puneture and depletion of blood elements. The interpretation of urinary 
17-OHCS levels must always include the consideration that under certain 
conditions, such as alterations in renal and hepatie function, or possibly vari- 
ations in “tissue utilization,” the output of the adrenal cortex may not be ac- 
curately represented in the urinary output of corticosteroids. The judicious 
use of plasma 17-OHCS determinations together with urinary measurements, 
however, often is of considerable value in clarifying the interpretation of 
results in such instances. Some of the disillusionment occasionally expressed 
about urinary corticosteroid determinations may be related to the lack of 
specificity in some of the early methods. In 1953, Glenn and Nelson' reported 
a practicable method for urinary 17-OHCS determination based upon the same 
general principles as the Nelson-Samuels plasma 17-OHCS method.? This 
method appeared to have the necessary elements for a high degree of specific- 
ity, ineluding enzymatie hydrolysis, chloroform extraction, chromatographic 
separation of corticosteroids from other chloroform-soluble material, and 
the utilization of the relatively specifie Porter-Silber reaction® for 17,21- 
dihydroxy-20-ketosteroids.® 

The present report is concerned with a systematic evaluation of the pre- 
cision of this method, the description of some modifications, and an evalua- 
tion of the suitability of the method for the study of pituitary-adrenal cortical 
funetion in the Rhesus monkey, which we have chosen as the experimental 
subject for a proposed long-term study of the neural regulation of endo- 
crine secretion. 


From the Department of Neuroendocrinology, Division of Neuropsychiatry, Walter Reed 
Army Institute of Research, Walter Reed Army Medical Center, Washington 12, D. C. 

From thesis submitted by Nathan R. Rosenthal to the Department of Chemistry, Grad- 
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MATERIALS AND METHODS 


1. Biochemical Preparation of Material.— 


Standard hydrocortisone solution: The standard stock solution of hydrocortisone was 
made from crystals of the free alcohol in a concentration of 100 yg per milliliter in redis- 
tilled ethanol. This was stored in brown glass at 4° C. 


Penicillin: The commercial antibiotic (Lilly or Pfizer) was dissolved in distilled water 
to make the concentration 25,000 units per milliliter. 


Enzyme: This commercially available solution contains 5,000 units of B-glucuronidase 
per milliliter. It is obtained from beef liver and is marketed under the trade name 
Ketodase.* 

Buffer: This was made by mixing 114 ml. of 2 M acetic acid with 86 ml. of 2 M 
sodium acetate resulting in a pH 4.5 buffer. 

Other reagents were prepared as described by Glenn and Nelson.1 


Procedures.—The method of Glenn and Nelson! was used except for a modified buffer 
system and a methanol transfer. Urine samples were either analyzed immediately or pre- 
served in a freezer and were thawed just prior to the start of an analytic run. 


Hydrolysis: A 10 ml. aliquot of urine was placed in a 50 ml. glass-stoppered centrifuge 
tube. The sample was treated with 25,000 units of penicillin G dissolved in 1 ml. of water. 
Next, 5 ml, of 2 M pH 4.5 acetate buffer was added and finally 10,000 units of the enzyme 
solution. The tube was stoppered and gently inverted 10 times, after which the cap was 
removed for a moment to release the gas pressure within. The tube was firmly stoppered 
and was placed in a 47° + 0.5° C. bath to incubate for 15 hours (overnight). The tube 
was cooled to room temperature prior to extraction. 


Extraction: To the hydrolyzed mixture 15 ml. of freshly distilled chloroform was 
added and the tube was vigorously shaken for 30 seconds, Centrifugation for 2 to 3 min- 
utes at 3,500 r.p.m. was sufficient to break the emulsion. The clear chloroform layer was 
transferred by means of a serum lifter into another centrifuge tube. This extraction 
procedure was done a total of 3 times, and each successive chloroform layer was added to 
the first. The pooled chloroform extract was washed twice with 5 ml. portions of 0.1 N 
NaOH and once with 5 ml. of 0.1 N HCl. The 3 washings were combined and back ex- 
tracted with 5 ml. of chloroform. To the combined extracts about 3 Gm, of anhydrous 
sodium sulfate was added and the mixture was shaken until it became water-clear, The 
dried chloroform was filtered through Schleicher & Schuell filter paper No. 590 into a 125 
ml, Erlenmeyer flask; the remaining filter paper and sodium sulfate were washed 3 times 
with chloroform which was added to the filtrate. The flask was placed in a 47° C. bath, 
and the solvent was evaporated with a gentle stream of air. The dry residue contained 
17-hydroxycorticosteroids and other chloroform-soluble substances. This dried residue 
was dissolved in 5 ml, of chloroform just prior to chromatography. 


Chromatography: The 17-hydroxycorticosteroids were separated from other chloro- 
form extractable substances by passing the mixture through a chromatographic adsorbent. 
The chromatographic Pyrex column resembles a thistle tube with the dimensions of 13 
by 120 mm., constricted to 2 mm, at the lower end and surmounted by a 50 mil. bulb. 
To prepare the column a small piece of glass wool was placed over the lower constriction 
and the activated Florisil was packed into the column with the proper “tightness” for a 
depth of 70 mm, This is a critical step; the “tightness” must be such that the flow of 
the solvents through the column will require not less than 40 nor more than 70 minutes. 
Another piece of glass wool was placed atop the packed adsorbent to prevent disturbance 
during the addition of the sample and the solvents, 

The Florisil column was first washed with 15 ml. of chloroform, During the 
chromatographic step the column must not be allowed to run dry; thus, as the meniscus 


*Warner-Chilcott, Laboratory Supply Division, Morris Plains, N. J. 
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approached the upper end of the adsorbent, the 5 ml. of chloroform containing the sample 
was quantitatively transferred onto the column. As this meniseus approached the ad- 
sorbent, 25 ml. of chloroform was added, followed at the appropriate moment by 25 ml. 
of 4 per cent methanol in chloroform, All of the eluate collected thus far was discarded. 
Finally, 45 ml. of 25 per cent methanol in chloroform was added to the column and the 
eluate collected in a clean 50 ml, Erlenmeyer flask. This fraction contains 17-hydroxy- 
corticosteroid, and at 47° C, was evaporated to dryness under a gentle stream of filtered 
air. 


Colorimetry: The dried steroid residue was dissolved in 5.0 ml. of methanol; 1.0 mi. 
of this solution was quantitatively transferred to a test tube, and this was evaporated to dry- 
ness. The dried residue was dissolved in 1.25 ml. of methanol. Finally, 2.0 ml. of phenyl- 
livdrazine-sulfurie acid was added, and the tube was shaken vigorously to assure mixture of 
the steroid with the coupling agent. The tube was stoppered and incubated at 60° C. for 
one hour, At the end of this time the tube was cooled, transferred to a 1 em. light path 
cuvette, and read against a column blank in a Beckman DU spectrophotometer at 360, 400, 
and 440 mg. The column blank was prepared by passing 5 ml. of chloroform through the 
chromatographic column and treating it in all other subsequent steps in the same fashion as 
the steroid sample. 


Calculations: The absorption factor as deseribed by Allen is the difference between 
the peak optical density observed at a certain wave length and the average of the optical 
density readings at two other wave lengths equidistant from the peak. The absorption 
factor is direetly proportional to the concentration of corticosteroid in the sample. Ae- 
cording to Allen, absorption factor may be used if the background is linear, or nearly so, 
with respect to wave length. 


In order to confirm that these conditions obtain in the Glenn-Nelson method, the 
background absorption of monkey urine blanks lacking phenylhydrazine was studied and 
found to be almost linear within the specified wave length range. A breakdown of the 
sources of background absorption revealed that the column blank and the urine blank 
contribute considerably more than the reagent blank to the total background absorption. 


2. Physiologic Samples.—The collection of 24-hour urine samples from Rhesus mon- 


keys was accomplished with the use of a chair-type restraining apparatus which has been 


described in detail elsewhere.6— Briefly, in this chair the monkey can be maintained in 
the sitting position for as long as several weeks, if necessary, There is virtually com- 
plete freedom of the extremities, gentle restraint being maintained only at the neck and 
waist. A funnel attached to the chair facilitates the collection of urine, and fecal contam 


ination is minimized by means of a removable screen. Preliminary experiments have 
shown that monkeys adapt readily, within 2 to 4 days, to this situation and thereafter 
stabilize at blood and urine 17-OHCS levels which are in the same range as those ob 


served when the animals are in their home cages.7 It was also found that a weekly 


rhythm exists in levels of animals kept in laboratories, with a depression of 17-OHCS 
values on weekends, high values on Mondays, but stable values from Tuesday to Friday. 
The values presented in this report represent only those samples collected between Tuesday 
and Friday after the animal had been allowed an initial period of 4 days for adapting to 
the chair. 
RESULTS 
In order to study the precision and reliability of the analytie method, each 
of its parts was studied separately in so far as possible. 

Chromatography and the Porter-Silber Reaction.—Duplicate samples of 
cortisol ranging in concentration from 5 to 40 p»ge were analyzed colorimet- 
rieally, one set with, and one set without chromatography through Florisil 
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columns. The absorption factor means and standard deviations are presented 
in Table I. A loss of from 5 to 15 per cent occurs when standard quantities 
of hydrocortisone pass through the Florisil column. 


TABLE [. PRECISION OF THE CHROMATOGRAPHIC AND COLORIMETRIC PROCEDURES 


ABSORPTION ABSORPTION 
CONCENTRATION FACTOR NO. OF FACTOR NO. OF 
OF HYDRO- (MEAN §,D.*) DUPLI- (MEAN S8.D.t) DUPLI 
CORTISONE BEFORE S.D. CATE AFTER CHROMATOG CATE 
(pa) | CHROMATOGRAPHY ) SETS RAPHY SETS 
5 0.031 + 0.004 0.4 0.027 + 0.006 10 
10 0.064 + 0.004 O.4 0.053 + 0.004 4 10 
20 0.120 + 0.004 0.4 0.114 + 0.009 10 
40 0.244 + 0.014 1.4 0.235 + 0.017 i 10 
*0.05 probability 7 degrees of freedom t 2.365. 
40.05 probability 19 degrees of freedom, t 2.093. 


Extraction, Chromatography, and the Porter-Silber Reaction.-The Glenn- 
Nelson method requires 3 extractions of the urine with 15 ml. of chloroform. 
To each of six 10 ml. urine samples was added 100 pg of cortisol. Duplicate 
samples were extracted once, twice, and three times, and the analytic pro- 
cedure was completed. Three chloroform extractions remove up to 96 per 
cent of hydrocortisone added to urine, with about 80 per cent of the total 
steroid accounted for in the first extraction; the second extraction removes 
about 15 per cent of the steroid, and the third extraction removes only 1 to 
2 per cent more. A fourth extraction does not appreciably improve the re- 
covery. 


TABLE II. HybrocorTisONE ReEcovERY FROM URINE WITH AND WITHOUT 
B-GLUCURONIDASE HYDROLYSIS 


HY DROCORTISONE RECOVERY | RECOVERY 
(mG ) BEFORE PER CENT AFTER PEK CENT 
ADDED PER 10 ML, HYDROLYSIS RECOVERED HYDROLYSIS RECOVERED 
0 0 0 
6.0 97 105 
13.0 100 
24.0 d 96 
36.0 
42.5 47. 95 
DS 
68 
90 
117 
130 S7 
182 
Mean 


Recovery 92.6 


Hydrolysis, Extraction, Chromatography, and Colorimetry._Vo determine 
what recovery of corticoid from urine could be expected, 6.2 to 200 pg of 
hydrocortisone was added to aliquots of urine just prior to hydrolysis. 
Because hydrolysis may be destructive to the side chain, a similar experiment 
was done except that neither buffer nor enzyme was added to the samples. 
The data shown in Table IL indicate good recovery of hydrocortisone from 
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urine and that enzymatic hydrolysis is not destructive to the steroid with a 
dihydroxyacetone side chain. When duplicate aliquots of urine were exam- 
ined by the Glenn-Nelson method, omitting both enzyme and buffer in one 
sample of each pair, it was shown that 10 to 25 per cent of the total 17-OHCS 
content was excreted unconjugated with glucuronie acid. 
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Fig. 1 Comparison of L7-hydroxycorticosteroid concentration in urine after enzymatic hydrol- 
ysis in two different acetate buffer concentrations 


an 


Che Buffer.-The hydrolytie proceedure of Glenn and Nelson' employs the 
adjustment of the urine to pH 4.5 using 0.1 N acetate and acetie acid by drop- 
Wise addition This step was sim plified by the addition of D ml of 2 M pH 


+. buffer just before hydrolysis was begun. The 17-OHCS values obtained in 


dupheate samples with the two buffer systems are shown in Fig. 1. The smal! 


deviations from the line of equality indicate that the two buffer systems are 


entirely comparable. Hydrolysis of urine in the presence of the buffer, with- 
mut 8-glucuronidase, liberates from 40 to 75 per eent of the glueuronide con- 


jugated 17 hydrexveorticostervid 
Stability of 17-Hydrocycorticosteroid im Urine—Maultiple aliquots of 6 
monkey urine samples were analyzed at intervals of 3 to 5 weeks to test the 


luplieability of the method and the effeet of freezing on the stability of the 


steroid. The data indieate good stability of corticosteroids in frozen urine 


over a perwod of at least 6 months, even with occasional thawing and refreez- 
ing of samples. 
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Reproducibility of the Complete Method.—The 4 steps of the procedure 
were tested for precision in reproducing values from day to day. Multiple 
aliquots of the same urine were analyzed on several days to test the du- 
plicability of the method. The data are presented in Table III and indicate 
a high degree of precision. 


TABLE III. RepRODUCIBILITY OF THE GLENN-NELSON URINARY 17-HYDROXYCORTICOSTEROID 
METHOD 


ANALYTIC DATE ABSORPTION FACTOR MICROGRAMS OF 17-0HCS 
June 28, 0.059 
0.062 
0.065 
0.064 


June 30, 55 0.063 
0.063 
0.054 
0.061 


July 19, 1955 0.066 
0.064 
0.066 
0.062 


Mean 0.063 114 
+0.004 10.7-11.9 


TABLE IV. Urinary 17-HypROXYCORTICOSTEROID EXCRETION BY NORMAL RHESUS MONKEYS 


MEAN 17-OHCS EXCRE- | NUMBER OF OBSERVA- 
TION | RANGE TIONS ON EACH 
MONKEY (MG./24 HR. ) (MG./24 HR. ) | ANIMAL 

17 1.2-2.3 
22 1.1-3.4 
23 0.8-1.5 
26 0.8-2.4 
27 0.7-1.9 
47 0.4-1.0 

0.6-0.9 


37 
Mean 0.8-1.9 


Total 67 


Urinary 17-Hydroxycorticosteroid Excretion by the Monkey.—The total 
24-hour urinary 17-OHCS exeretion of 7 normal monkeys was measured be- 
tween Tuesday and Friday in a total of more than 60 instances after the ani- 
mals were adapted to the experimental chair. These data are presented in 
Table IV and indicate that each animal has a base-line level with a fairly 
narrow range of day-to-day variation. In fact, the variation from animal to 
animal, kept in a similar environment, is quite small. Slightly higher mean 
17-OHCS exeretion values in the first 5 monkeys probably reflect the fact 
that their experimental chairs were located in a chemistry laboratory where 
there was moderate, although stereotyped, daily activity; whereas lower 
values are seen in the latter pair of animals which were isolated in a room 
where there was considerably less daily activity. 


DISCUSSION 


The data presented indicate that the analytic method of Glenn and Nelson 
has a high degree of precision and dependability. The standard deviation 
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urine and that enzymatic hydrolysis is not destructive to the steroid with a 
dihydroxyacetone side chain. When duplicate aliquots of urine were exam- 
ined by the Glenn-Nelson method, omitting both enzyme and buffer in one 
sample of each pair, it was shown that 10 to 25 per cent of the total 17-OHCS 
content was excreted unconjugated with glucuronic acid. 
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Fig. 1 Comparison of 17-hydroxycorticosteroid concentration in urine after enzymatic hydrol- 
ysis in two different acetate buffer concentrations. 


The Buffer.-The hydrolytie procedure of Glenn and Nelson' employs the 
adjustment of the urine to pH 4.5 using 0.1 N acetate and acetic acid by drop- 
wise addition. This step was simplified by the addition of 5 ml. of 2 M pH 
4.5 buffer just before hydrolysis was begun. The 17-OHCS values obtained in 
duplicate samples with the two buffer systems are shown in Fig. 1. The small 
deviations from the line of equality indicate that the two buffer systems are 
entirely comparable. Hydrolysis of urine in the presence of the buffer, with- 
out £-glucuronidase, liberates from 40 to 75 per cent of the glucuronide con- 
jugated 17-hydroxycorticosteroid. 


Stability of 17-Hydroxycorticosteroid in Urine.—Multiple aliquots of 6 
monkey urine samples were analyzed at intervals of 3 to 5 weeks to test the 
duplieability of the method and the effect of freezing on the stability of the 
steroid. The data indicate good stability of corticosteroids in frozen urine 
over a period of at least 6 months, even with occasional thawing and refreez- 
ing of samples. 
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Reproducibility of the Complete Method.—The 4 steps of the procedure 
were tested for precision in reproducing values from day to day. Multiple 
aliquots of the same urine were analyzed on several days to test the du- 
plicability of the method. The data are presented in Table III and indicate 
a high degree of precision. 


TABLE III. RepropuciBILITy OF THE GLENN-NELSON URINARY 17-HYDROXYCORTICOSTEROID 
METHOD 


"ABSORPTION FACTOR MICROGRAMS OF 17-0HCS 
June 28, 1955 0.059 
0.062 
0.065 
0.064 


June 30, 0.063 
0.063 
0.054 
0.061 


July 19, 1955 0.066 
0.064 
0.066 
0.062 
Mean 0.063 11.4 
+0.004 10.7-11.9 


IV. Urinary 17-HYDROXYCORTICOSTEROID EXCRETION BY NORMAL RHESUS MONKEYS 


MEAN 17-OHCS EXCRE- | NUMBER OF OBSERVA- 
TION | RANGE TIONS ON EACH 
MONKEY (MG./24 HR.) | (MG./24 HR. ) ANIMAL 


11 
8 
12 
17 
10 
5 
4 0.6-0.9 4 
Mean 3 0.8-1.9 
Total 67 


Urinary 17-Hydroxrycorticosteroid Excretion by the Monkey.—The total 
24-hour urinary 17-OHCS exeretion of 7 normal monkeys was measured be- 
tween Tuesday and Friday in a total of more than 60 instances after the ani- 
mals were adapted to the experimental chair. These data are presented in 
Table IV and indicate that each animal has a base-line level with a fairly 
narrow range of day-to-day variation. In faet, the variation from animal to 
animal, kept in a similar environment, is quite small. Slightly higher mean 
17-OHCS exeretion values in the first 5 monkeys probably reflect the fact 
that their experimental chairs were located in a chemistry laboratory where 
there was moderate, although stereotyped, daily activity; whereas lower 
values are seen in the latter pair of animals which were isolated in a room 
where there was considerably less daily activity. 


DISCUSSION 


The data presented indicate that the analytie method of Glenn and Nelson 
has a high degree of precision and dependability. The standard deviation 
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at the various concentrations of cortisol approaches a constant of about 0.6 
pe between 5 and 30 pve for the combined chromatographic and colorimetric 
steps. In the final caleulation of the total 24-hour urinary 17-OHCS exeretion 
expressed in milligrams this deviation does not exceed 0.2 mg. The standard 
deviation of the 40 pg concentration of hydrocortisone is more than twice 
that of the lower concentrations, because the optical density at 400 my is so 
great that it must be measured in the region of the Beckman seale where 
sensitivity is low. The duplicability of the method was found to be excellent, 
with replicate analyses of urine samples from day to day invariably falling 
within the standard deviation limits deseribed above. The stability of 17- 
hydroxyeorticosteroids in frozen urine samples was constant for periods at 
least up to 6 months, even with occasional thawing and refreezing. 

Because the background absorption due to nonsteroidal material is nearly 
linear with respect to wave length, it is possible to use the absorption factor 
for calculation after the method of Allen.” The absolute absorption factors 
vary but little from day to day, making practicable the use of a standard 
curve of 17-OHCS concentration, The relationship between the absorption 
factor and concentration of 17-hydroxycorticosteroid is linear and obeys 
eer’s law within the specified concentration range. 

When standard amounts of cortisol were added to duplicate samples of 
urine, only one of which was hydrolyzed with the enzyme and the buffer 
while the other was kept refrigerated, recovery of 90 per cent of the added 
steroid was obtained from both samples. This indicates that the hydrolytic 
procedure is nondestructive to cortisol, 

The buffer system employed in the enzymatic hydrolysis of the glu- 
curonide-conjugated 17-hydroxyeorticosteroid was simplified by the use of 
a 2 M buffer which, due to its high concentration, eliminated the necessity 
of cheeking the pH of individual samples. An experimental comparison of 
the 2 M buffer with the 0.1 M buffer established that the difference in ionic 
strength did not interfere with the action of the enzyme. <A finding of some 
incidental interest was that the buffer alone had some hydrolytic effect 
ranging from 40 to 75 per cent as much as that obtained with the enzyme. A 
significant though small fraction (up to 15 per cent) of the total 24-hour 
l7-hydroxyeorticosteroid is excreted apparently in the free state, as deter- 
mined in urine which was not hydrolyzed with either buffer or enzyme. 

In general, it appears that this analytic method is an extremely reliable 
tool for the determination of urinary 17-OHCS concentrations. The prepara- 
tion of materials must be rigidly uniform, particularly the preparation of the 
“lorisil. 

This method appears to be well suited for the study of adrenal cortical 
function in the Rhesus monkey, particularly sinee Bush* has observed cortisol 
to be the principal secretory product of the adrenal cortex in the monkey. 
Also, recent preliminary experiments in our laboratory with intravenous 
administration of large amounts of crystalline cortisol (6 mg. per kilogram) 
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in the monkey indicate that approximately 20 per cent of the injected hormone 
is recovered in the urine as 17-hydroxycorticosteroids.” It is of interest that 
the monkey apparently exeretes about 5 to & times as much 17-hydroxy- 
corticosteroid, on the basis of body weight, as do human beings. 

The experimental chair appears to be a very suitable apparatus for urine 
collection in monkeys. There is no urine loss from projection of the urine 
stream, due to the limited mobility of the animal. Twenty-four-hour urine vol- 
umes usually range between 200 and 300 ml. in normal adult Rhesus monkeys 
on an average diet with fluid ad libitum. As might be expected, some mon- 
keys show moderate elevations in 17-OHCS exeretion for the first few days 
after being placed in the chair apparatus.’ After about the fourth day, how- 
ever, the levels become remarkably stable and remain so for many weeks. 
It is well, perhaps, to call attention to some observations which indicate that 
levels of adrenal cortical activity in the monkey quite sensitively reflect 
changes in the surrounding environment. Animals kept in chairs in a busy, 
active laboratory apparently run higher base-line levels than animals in 
separate stalls in a private room where there is little noise or activity. This 
finding suggests that one must define “normal” levels in terms of the par- 
ticular conditions in a given laboratory and that it is preferable to do longi- 
tudinal studies in individual animals kept in a constant environment when- 
ever possible. The present data indicate that base-line levels from animal 
to animal do not vary greatly when the animals are kept under constant con- 
ditions. Reeent experiments have shown very substantial elevations (two- to 
four-fold increases) in urinary 17-OHCS levels in monkeys receiving such 
agents as ACTH or reserpine, indicating that this measurement may be a 
sensitive indicator of adrenal cortical activity in the monkey.” 


SUMMARY 


The Glenn-Nelson analytic method is a reliable tool for the measurement 
of 17-hydroxycorticosteroid concentration in urine, as shown by a statistical 
analysis of precision. The precision of the method at the 5 pg concentration 
is +0.6 pg. The standard deviation remains nearly constant up to 30 pg. 
Multiple aliquots of the same monkey urine repeatedly analyzed at monthly 
intervals give reproducible results within this range. The conditions em- 
ployed for the hydrolysis of urinary glucuronide-conjugated = 17-hydroxy- 
corticosteroids are nondestructive to the steroid molecule. 

Normal Rhesus monkeys showed mean 24-hour 17-hydroxycorticosteroid 
exeretion values from 0.7 to 1.7 mg. There is relatively little variation in 
day-to-day levels in normal monkeys after adaptation to the experimental 


chair, providing that the environment is reasonably constant and stereotyped. 


Some aspects of the environmental influences on adrenal cortical activity are 
discussed. 
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THE INFLUENCE OF 17-HYDROXYCORTICOSTERONE ON VIRAL 
HEPATITIS OF MICE 


CarLos Manso, M.D., CHARLOTTE FRIEND, PH.D., AND FeELIx Wr6BLEWSKI, M.D. 
New York, N. Y. 


ECENT reports have suggested that adrenocorticotrophic hormone and corti- 

costeroids beneficially influence the course of human hepatitis in that these 
agents promote a sense of well-being, increase the appetite, and cause an in- 
creased rate of diminution of serum hyperbilirubin.’:* In spite of these favor- 
able effects of corticosteroids, the laboratory criteria of liver disease (sulfobro- 
mophthalein exeretion, thymol turbidity, cephalin cholesterol flocculation, serum 
alkaline phosphatase, serum total cholesterol, and cholesterol esters) remain ab- 
normal for approximately the same length of time as is observed in patients 
with hepatitis not treated with corticosteroids.* Liver biopsy studies have 
demonstrated the accelerated disappearance of the inflammatory response but 
no significant change in the extent of hepatic tissue necrosis." 

Viral hepatitis of mice in some aspects is similar to hepatitis of man.‘ Us- 
ing this experimentally transmitted form of viral hepatitis in mice, it was de- 
cided to study the influence of 17-hydroxycorticosterone (hydrocortisone) on 
viral hepatitis. Previous studies of viral hepatitis in mice have indicated the 
relationship of virulence of virus, size of virus inoculation, and histologie evi- 
dence of hepatie necrosis to serum transaminase activity.’ Accordingly, it was 
planned to evaluate the effects of hydrocortisone on viral hepatitis of mice by 
following the serial plasma and tissue activities of glutamic oxalacetie trans- 
aminase (GOT), glutamic pyruvie transaminase (GPT),’ as well as lactic 
dehydrogenase (LD),* and glutathione reductase (GR).° The histologic 


appearance of liver tissue was to be used as a measure of the extent of tissue 
necrosis, 


MATERIALS AND METHODS 


The mice used in these studies were F, hybrids of C-58 X BALB (F,) cross, weighing 
from 16 to 19 grams. They were fed Purina mouse food and allowed water ad libitum. 

In each study, mice were divided into 4 groups. Group 1 consisted of untreated normal 
mice, Group 2 received hydrocortisone daily, injected subcutaneously, in the doses noted 
in the text. The mice in Group 3 were inoculated with 0.1 ml. of 10-5 dilution of a filtrate 
of mouse hepatitis virus. The group 4 mice were inoculated with the same dilution of the 
hepatitis virus and received daily subcutaneous doses of hydrocortisone. Groups 1 and 3 
were the controls of Groups 2 and 4, respectively. 
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Cancer Research, and Department of Medicine of Memorial Center, New York, N. Y 
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Three mice from each of the 4 groups were sacrificed at 2- or 3-day intervals. They 
were bled from the brachial artery with a heparinized syringe and the bloods of the 3 
mice from each group were pooled in a test tube. A small fragment of liver was 
excised from each mouse for histologic examination after which the remaining mouse livers 
of each group were pooled. They were homogenized with a Teflon pestle homogenizer and 
made up to 10 per cent by weight in 10 per cent dextrose solution. Four different enzyme 
activities were studied in plasma and hepatie tissue homogenated, namely, GOT, GPT, LI, 
and GR. The methods for enzyme activity determinations have been deseribed elsewhere.6-9 
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Fig. 1.--The evolution of 4 different plasma enzymes in 4 groups of mice: normal con- 
trols (N), controls receiving hydrocortisone 100 mg./Kg. daily (N+h), mice with viral hepatitis 
(Ht), and mice with viral hepatitis receiving hydrocortisone 100 mg./Kg. daily (H+h). 

RESULTS 

Fig. 1 shows the variations of serum enzymes in normal untreated mice, 
normal mice receiving 100 mg. hydrocortisone per kilogram of body weight, 
in mice with hepatitis, and in miee with hepatitis receiving hydrocortisone in 
the same amount as the uninjected control animals. Whereas there is no signi- 
ficant difference in the plasma enzyme activities of noninfected mice, whether 
receiving hydrocortisone or not, all 4 plasma enzyme activities are appreciably 
more elevated in the infeeted animals receiving hydrocortisone than in those 
mice with hepatitis but not receiving hydrocortisone. It is evident that while 
on the seventh day the infected mice receiving no hydrocortisone show a tend- 
encey for the serum enzyme activities to return to normal values, the hepatitis 
mice receiving hydrocortisone continue to have increased activities of the 4 
serum enzymes measured. 

A second colony of animals received no hydrocortisone until the fourth day 
following inoculation with hepatitis virus and then the hormone was given in 
the amount of 100 mg. per kilogram daily; the data from this experiment are 
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Fig. 2.—The evolution of 4 different plasma enzymes in 4 groups of mice: normal con- 
trols (N), controls receiving hydrocortisone 100 mg./Kge. daily since the fourth day (N+h), 
mice with viral hepatitis (H), and mice with viral hepatitis receiving hydrocortisone 100 
me./Ke. daily after the fourth day (H+h). 


wimi/min 


Fig. 3.—The evolution of 4 different plasma enzymes in 2 groups of mice, one with vi- 
ral hepatitis (H) and the other also with viral hepatitis but treated with 10 me./Ke. of hy- 
drocortisone daily (H+h). 
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presented in Fig. 2. A definite rise in serum enzyme activities is evident on 
the sixth day following 2 subcutaneous doses of hydrocortisone, although at 
the eighth day the plasma transaminase activities tend to return to normal 
values; lactic rehydrogenase and glutathione reductase activities continue at 
abnormal levels. 

Fig. 3 presents the data from the study of a colony of mice which received 
only 10 mg. per kilogram of hydrocortisone daily. In this experiment 2 groups 
of mice were studied. One group was inoculated with hepatitis virus while 
another group with hepatitis virus received hydrocortisone. The hepatitis mice 
receiving the hydrocortisone show higher plasma activities than the hepatitis 
control miee which did not receive adrenocorticosteroid. 


5,000 aus $GO-T 30,000, 
HYDROCORTISONE 
"5s \ 


3 


Fig. 4 The evolution of 4 different plasma enzymes in 2 groups of mice, one with 
Viral hepatitis (H) and the other also with viral hepatitis but treated with 5 mg./Kg. of 
hydrocortisone daily. 


A final group of mice with hepatitis received the hormone in the amount 
of 5 mg. per kilogram and the observations are compared with those from a 
similar group which received no hydrocortisone (Fig. 4.) The differences in 
plasma enzyme activities are not significant. 

The enzyme activities of the liver homogenates of the different groups of 
mice was estimated. No significant difference of enzyme activities measured 
were noted in the homogenized tissues of those animals which received hydro- 
cortisone and of those which did not. Although not consistently, the histologie 
appearance of the livers of the injected mice which received hydrocortisone 
showed more areas of foeal necrosis than the livers of the normal and injected 
mice which did not receive the hormone (Figs. 5 to 8). 
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hepatic parenchyma as com- 


Notice the larger extent of necrosis of the 
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Fig. 8.—Histologic 
cortisone subcutaneously on the fourth and fifth days postinoculation. 
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DISCUSSION 


Although it has been reported that in the livers of normal rats, trans- 
aminase activities are stimulated by glucocorticoids,“’" the same effeet in 
plasma or liver tissue of the mice without hepatitis could not be demonstrated. 
In the case of mice with hepatitis however, a significant difference was found 
in the amount of the enzymes in the plasma, but not in the liver homogenates. 
Moreover, the activity of the 4 enzymes studied was higher in the mice with 
hepatitis which received hydrocortisone, than in the control hepatitis mice. 
This significant difference is especially remarkable when the disease is at its 
peak, between the fourth and the sixth days, and decreases when the animals 
spontaneously recover from the viral infection. 

Other workers have reported an inerease in the virulence of virus diseases 
in cortisone-treated animals.'*'* The observations herein reported suggest an- 
other instance of an adverse, although more subtle, effect of hydrocortisone in 
mouse viral hepatitis. This is reflected by the increased levels of enzyme ac- 
tivity in the hydrocortisone-treated mice as compared with the controls. This 
effect is more apparent when large doses of the adrenocorticosteroids were given. 


SUMMARY 


1. An attempt was made to detect whether treatment with hydrocortisone 
affected the plasma levels of 4 different enzyme systems in normal mice and in 
mice with hepatitis. 


2. The 4 enzymes studied were: glutamic oxalacetic transaminase, glu- 


tamie pyruvie transaminase, lactic dehydrogenase, and glutathione reductase. 
There was no difference observed in the plasma levels of the enzymes in the 


normal mice receiving hydrocortisone. However, a significant increase was 
noted in the hydrocortisone-treated mice with hepatitis. 

3. Using serum enzyme activities as an index of severity of mouse viral 
hepatitis, it appears that hydrocortisone may exert an adverse effect on the 
natural course of the experimentally induced infection. 


We are indebted to Miss Joan Pasternak and Mr, Roger Tartar for their technical 
assistance, 
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THE CONVERSION OF CORTISONE TO 17-KETOSTEROIDS IN 
PATIENTS WITH CARCINOMA OF THE PROSTATE 
AND OF THE LUNG 
W. Roy Siaunwuirte, Jr., Pu.D., B. List, M.S., anp Josepu E. Soka, M.D. 
BuFrFALo, N. Y. 


HE administration of large doses of cortisone has been shown to produce a 

marked inerease in the urinary 17-ketosteroid excretion of patients with 
carcinoma of the prostate.'"* When 300 mg. of cortisone acetate was given daily 
to these patients, the average increment in 17-ketosteroid excretion over the 
base-line period of no therapy was 21.8 mg. per 24 hours. In contrast, con- 
trol subjects with various illnesses treated similarly showed an increase of 
only 4.3 mg. per 24 hours. Subsequent studies have confirmed this finding, 
demonstrated a similar effect of cortisol, and indicated that this phenomenon 
is not specifie for carcinoma of the prostate, although this is the only disease 
so far in which it has been observed regularly." Other investigators have 
also observed a low conversion of cortisone (or cortisol) to 17-ketosteroids 
in normal subjects, *'* in patients with rheumatoid arthritis,” '’ and in an 
adrenalectomized unilaterally orchiectomized patient,’ while an inereased con- 
version was observed in patients with carcinoma of the prostate.’ '’ The 
latter was also demonstrated in an experiment with tracer doses of C'-labeled 
cortisol.” Bonner and associates? were unable to confirm this effect initially 
but have since observed it in 5 out of 6 patients with carcinoma of the pros- 
tate.* 

This study was undertaken to identify the compounds represented among 
the excess urinary 17-ketosteroids of patients with carcinoma of the prostate 
given cortisone, and to determine whether the metabolism of cortisone in 
these patients differed from that in normal subjects. For comparison, studies 
were also performed in 3 eases of carcinoma of the lung, a disease in which 
major increases in 17-ketosteroid excretion are only occasionally observed 
during cortisone administration." 


METHODS 


Patients with carcinoma of the lung and prostate were taken consecutively without 
selection. The clinical data relative to these subjects are presented in Table IT. The 
experimental period was divided into 3 sections: 3 days of no steroids; 3 days of 30 mg. 
of oral prednisone daily; and 3 days of 30 mg. prednisone plus 300 my. cortisone acetate 


daily, administered orally. Complete 24-hour urine specimens were collected in bottles 


From the Departments of Biochemistry and Medicine, The Roswell Park Memorial In 
stitute, Buffalo, N. Y. 
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CARCINOMA OF PROSTATE CARCINOMA OF LUNG 


change in urinary 17-ketosteroid excretion during the cortisone period as com- 
pared to the base line or control periods. 


TABLE I. CLINICAL DATA 


AGE | DIAGNOSIS RELEVANT CLINICAL AND LABORATORY DATA 
71 Anaplastic carcinoma of Orchieetomy and institution of estrogen ther 
prostate apy 8 mo. previously. Osteolytic metastases 
of pubie bone, ischium, and humerus. Acid 
and alkaline phosphatases slightly elevated. 

Bone pain 


Adenocarcinoma of pros- Large prostatic mass, bulging into the reetum, 
tate 10 mo, previously, Orcehiectomy and institu 
tion of estrogen therapy, 9 mo, previously. 
Osteoblastic metastases of pelvis ribs. 
Acid and alkaline phosphatases normal. Es 

sentially asymptomatic 


Adenocarcinoma of pros: Clinical onset 7 mo. previously, Diagnosis 
tate established immediately before study, and 
therapy not yet instituted. Large pros 
tatie tumor; osteolytie and osteoblastic me 
tastases of pubic rami. Acid phosphatase, 
upper limit of normal; alkaline phosphatase 

elevated. Bone pain 


Anaplastic carcinoma of Cervical node metastases, widespread osteo 
lung lytic metastases, rapid downhill course 
Anaplastic carcinoma of Cervical node metastases 
lung 


Carcinoma of lung Paratracheal and hilar metastases; superior 
vena eava syndrome 


738 
14 
id 
~ 
6 
E 
4 
2 | 
4 
J. 1. 55 
A. 64 
GS. 73 


Volume 33 CONVERSION OF CORTISONE TO 17-KETOSTEROIDS 739 


Number § 


containing 10 ml. of 6 N hydrochlorie acid, and refrigerated until the completion of the 
experiment, The first urine collections of the prednisone and prednisone-cortisone periods 
were discarded, since previous experience had shown that at least 24 hours of steroid 
administration is necessary before an effect on 17-ketosteroids is evident.15 

Urines were hydrolyzed with acid, extracted, purified, and analyzed by a previously 
described method.!! When necessary, two or more extracts were pooled to give a total 
17-ketosteroid content of 5 to 15 mg. One extract from each period (when possible) 
was subjected to gradient elution chromatography. The eluted 17-ketosteroids were meas- 
ured by the Zimmerman reaction and identified by infrared spectroscopy.1!| The an- 
drosterone and etiocholanolone fractions were also analyzed by the method of Bitman 
and associates! for the content of A®% 11-unsaturated analogues, the artifacts produced by 
acid hydrolysis from the corresponding 11( 8 )-hydroxy compounds. 

Identification by infrared spectroscopy was sometimes difficult, particularly in those 
cases in which the extract represented 2 to 4 days’ collection of urine. With such large 
ratios of extraneous material to 17-ketosteroids, our method of purification was inadequate. 
However, identification of the 17-ketosteroids was satisfactory in all urines colleeted 
during administration of cortisone acetate. 


RESULTS AND DISCUSSION 

The results are shown in detail in Table IT and summarized in Fig. 1. 
The control levels of 17-ketosteroids were lower than those usually seen for 
several reasons. All subjects were elderly men, and 2 of the patients had 
been castrated. In addition, the Allen method of correction was employed, 
which tends to give lower values, especially in the case of extracts already 
having low titers.° Also, each steroid is expressed in terms of itself rather 
than dehydroepiandrosterone (DHA). Since most of the steroids are more 
chromogenic than DHA, a decrease in values results. 

Prednisone was given in order to depress adrenal function before ad- 
ministration of cortisone acetate. It was felt that this would give a more re- 
liable base line than the period during which no steroid was given. Unfor- 
tunately, 17-ketosteroid exeretion during these first two periods was so low 
in many cases that the extracts from the two periods had to be combined. 
In 2 eases prednisone did produce a slight depression in the identified 17- 
ketosteroids with respect to the values in the control periods. 

All 3 patients with carcinoma of the prostate showed an unequivocal 
increase in 1l-oxy-17-ketosteroids during the cortisone period. In all cases 
the indicated conversion of cortisone to 17-ketosteroids exceeded that nor- 
mally observed.' It is probably significant that the most pronounced in- 
crease was in Patient J. L. who had had no therapy. Previous serial studies of 
total 17-ketosteroid excretion during cortisone administration indicated that 
the characteristic rise in patients with carcinoma of the prostate was often 


diminished after orchiectomy and the institution of estrogen therapy." 


In all 3 patients with carcinoma of the prostrate, the rise in 11-keto- 
etiocholanolone exceeded that in 11(8)-hydroxyetiocholanolone. The single 
patient with carcinoma of the lung who showed a considerable rise in 17- 
ketosteroids, on the other hand, had a 1:2 ratio of 11-ketoetiocholanolone to 
11(8)-hydroxyetiocholanolone. The other 2 patients with carcinoma of the 
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lung showed only small changes in 17-ketosteroid excretion during the corti- 
sone period. This is in keeping with our previous experience, where 1 out 
of 6 patients with pulmonary carcinoma showed a rise in total 17-ketosteroids 
comparable to that regularly seen in prostatic cancer." 

The compounds principally responsible for the increased 17-ketosteroid 
excretion observed in this study, 11-ketoetiocholanolone and 11(8)-hydroxy- 
etiocholanolone, are normal metabolites of cortisone. Our studies do not, 
therefore, indicate any major qualitative departure from the normal metabolism 
of cortisone in carcinoma of the prostate. 

The unusual pattern of cortisone metabolites in carcinoma of the prostate 
may represent steroid metabolism by the cancer or it may be due to secondary 
host changes, with possible alterations of liver function in these patients. 
In order to shed additional light on this question, we have initiated studies 
in which slices of prostatic carcinoma are incubated with C'-labeled cortisone. 
Our initial experiments of this type indicate that prostatie carcinoma slices 
can metabolize cortisone in vitro. Thus, the abnormal urinary steroid pattern 
after cortisone admininstration in patients with prostatic carcinoma may be 
due, at least in part, to steroid metabolism by this tumor. 


SUMMARY 


All 3 patients with carcinoma of the prostate and 1 of 3 patients with 
carcinoma of the lung converted cortisone to 11-ketoetiocholanolone and 
11(8)-hydroxyetiocholanolone in amounts greater than normal. In all of 
the patients with carcinoma of the prostate, 11-ketoetiocholanolone was the 
predominant 17-ketosteroid metabolite of cortisone, in contrast to the patients 
with pulmonary cancer where 11-hydroxyetiocholanolone predominated. No 


unusual metabolite of cortisone was identified in the urine of these patients. 


We are indebted to Mr. Lavalle Neely for the infrared analyses. 
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EFFECT OF CHLORAMPHENICOL ON QUALITATIVE ASPECTS OF 
ANTIBODY PRODUCTION AGAINST ENTEROBACTERIACEAE 
KENNETH C. Watson, M.D. 

DuRBAN, SoutH AFRICA 


NE of the interesting features regarding chloramphenicol therapy in enteric 

fever has been the finding that inadequate treatment may ‘ead to a con- 
siderable inerease in the incidence of relapse as compared with nontreated cases 
or those adequately treated. In particular, it appears that the high relapse 
rates under these circumstances are related to the duration of treatment rather 
than to total dosage of antibiotic. It has usually been suggested that this 
results from a failure of antibody production due to inadequate antigenic 
stimulus, resulting from the bacteriostatic effeet of the antibiotic. In a previous 
publication, however, we have shown that elinical relapse usually takes place 
at a stage of illness when antibody levels may be very high.’ In view of this 
observation it was suggested that failure of humoral response is not the main 
feature in bringing about the high relapse rate, but rather that the antibiotic 
may in some way bring about an increase in the numbers of tissue forms of the 
organisms, perhaps by way of increased phagocytosis, thus creating a potential 
reservoir of organisms available for reinvasion of the blood stream. 


A further possible explanation, however, presents itself, namely, that 


chloramphenicol may in some way affect the qualitative aspects of antibody so 


as to lead to a decrease in its protective power. Some observations regarding 
the qualitative nature of antibody under these circumstances are presented 
below. 


MATERIALS AND METHODS 


Antigens.—The following strains were used for the immunization of rabbits: (1) 
Salmonella typhosa (strain 0.901, N.C.T.C, 5759); (2) Escherichia coli (strain 5396/38 
& potent source of Vi antigen); and (3) S. typhimurium (freshly isolated strain). 

Organisms were cultured daily in nutrient digest broth,* from an initially smooth 
colony. Suspensions for immunization were then prepared by subculturing onto nutrient agar 
slopes, harvesting the growth (after 18 hours’ incubation at 37° C. in sterile 0.85 per cent 
saline), and standardizing to a concentration of 106 organisms per milliliter by means of 
plate counts. Healthy adult rabbits, weighing approximately 3,500 grams, were injected 
intravenously starting with a dose of 0.2 ml. on the first day, followed by a replicate dose 
on the third, fifth, and seventh days and followed by two further doses of 0.4 ml. on the 
eleventh and fourteenth days. 

From the Department of Pathology, University of Natal, Durban, South Africa. 
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Antibiotic Treatment.—Fifty per cent of the animals in each group, chosen at random, 
were given chloramphenicol by daily intramuscular injection in a dose of 12.5 mg. per 
kilogram of body weight. The first injection was given on the same day as the first 
immunizing injection, and antibiotic therapy was continued for 3 days following the last 
immunizing injeetion—a total of 17 days’ treatment. 


Bleeding of Animals.—Rabbits were bled into sterile tubes from the marginal ear veins 
10 days after the last antibiotic injection. 


Agglutinin Titers.—Levels of agglutinating antibody were determined using 3 by 0.5 in. 
tubes containing serial doubling dilutions of serum in 0.5 ml. amounts. Aliquot volumes of 
standardized suspensions of the appropriate organisms were added, and the tubes were 


incubated at 52° C. overnight and then allowed to stand at room temperature for 4 hours 
before reading. 


Agglutinin Adsorption Tests.-A series of agglutinin adsorption tests were earried out 
on (1) antisera containing S. typhosa somatic **O’’ antibody and (2) antisera containing 
Vi antibody, from both untreated rabbits and rabbits treated with chloramphenicol. 
Suspensions for adsorption were grown on nutrient agar on standard 90 mm. plates for 18 
hours. The growth on each plate was washed off in 1.0 ml, of sterile 0.85 per cent saline. 
The organisms were then washed 3 times in 8.0 ml. of saline and finally resuspended in 1.0 ml. 
of fresh saline. One milliliter quantities of the sera, diluted to 1:20 of the initial 
agglutinin titer, were added. The mixtures were incubated at 37° C. for 4 hours and the 
organisms were then centrifuged at high speed. Adsorption of sera was repeated on two 
occasions. Serial doubling dilutions of the final supernatant sera were then tested for 
agglutinin titers using standard suspensions in the usual way. In addition to adsorbing the 
two types of sera with suspensions of normal Esch. coli and 8S. typhosa organisms, it was 
decided to determine whether or not treatment of the organisms in vitro with chloramphenicol 
would alter their ability to adsorb out the appropriate antibodies. Organisms treated with 
chloramphenicol were prepared by harvesting the growth from overnight nutrient agar 
plate cultures, in sterile normal saline. Suspensions were then divided into 2 aliquot 
per milliliter, 
respectively, was added to each tube. The tubes were then incubated at 37° C, 


portions and chloramphenicol in final concentrations of 50 and 100 


for 3 hours. 
The organisms were then well washed in several changes of saline to eliminate residual 
chloramphenicol and were resuspended in fresh saline to a final concentration of 106 
organisms per milliliter, Adsorption of sera was then carried out as described. 


Bactericidal Effect of Sera.—\n vitro tests of the bactericidal power of the sera were 


carried out using antisera against all the strains employed. Each rabbit was bled the day 
before the tests were carried out and the serum was separated after overnight storage at 4° C. 
The sera were then diluted 1:10 in sterile 0.85 per cent saline and then inactivated at 56° C. 
for 30 minutes. This procedure removes nonspecific bactericidal effects? and also destroys 
serum properdin.® 


Complement was obtained by pooling the sera of healthy guinea pigs following cardiac 
puncture, Preliminary adsorption of the sera was carried out by dividing the pooled serum 
into 3 batches and adsorbing each with one of the 3 bacterial strains, 


The adsorbing strains 
of S. typhosa 0.901 and 8, 


typhimurium were killed by heat at 100° C. for 30 minutes an | 
the Vi-containing Ksch. coli strain by 50 per cent ethanol at 37° C. for 20 hours.4 
Tests were carried out by placing 0.5 ml. of serum in sterile 3 by 0.5 in. tubes along 


with O.. ml. of inoculum. The inoculum consisted of a 1:106 dilution on an 18-hour broth 


culture. Tubes were incubated at 37° C. for 1 hour to sensitize the cells. 


Pooled complement 
was then added in 0.1 ml, amounts. Complement 


control tubes containing complement, 
inoculum, and saline, and inoculum control tubes containing saline 


and inoculum were 
included, Tubes were incubated at 37‘ 


C., and viable organism counts were carried out at 
intervals by the technique of Miles and Misra.s 
Mouse Protection Tests.—The relative protective power of the two types of antisera 


ayainst S. typhimurium was established by mouse protection tests. Fifty-six mice were 
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used for each test. The mice averaged 25 grams in weight, and were free from natural 
Salmonella infection. Amounts of 0.5 ml. of pooled sera from 3 immunized and chloram- 
phenicol-treated rabbits were injected intraperitoneally into 28 mice. Aliquot volumes of 
pooled sera from immunized but nonantibiotie-treated rabbits were injected into the remainder. 
Serial tenfold dilutions of an 18-hour agar slope culture of S, typhimurium were prepared 
in sterile normal saline, ranging from 1:10 to 1:106, Half-milliliter quantities of each were 
then added to 4.5 ml. of a sterile 5 per cent solution of granular mucin, giving final bacterial 
dilutions of 1:102 to 1:107. The mice were divided at random into groups of 4 from each 
serum treatment, and 0.5 ml. amounts of the varying bacterial dilutions were injected 
intraperitoneally into each member of each group one hour after injection of the sera, The 
groups of 4 were kept in separate cages and deaths were recorded during the following 30 
days. Cumulative survivor and death totals were then calculated and the LD, dose was 
determined by the method of Reed and Muench.® 


RESULTS 


A, Agglutinin Titers of Antibiotic-Treated and Immunized Control Ani- 
mals.—In Table | are detailed the quantitative results of agglutinin content of 
a series of sera from rabbits immunized with the 3 bacterial strains. These 
results are similar to previous observations which we have made coneerning the 
production of antibody to both bacterial and nonbacterial antigens in the 
presence of antibiotic, and show that under the experimental conditions em- 
ployed there appeared to be no difference in the final quantitative titers of the 
two groups.’ 


TABLE I. QUANTITATIVE AGGLUTININ TITERS OF IMMUNIZED RABBITS 


ANTIBODY TITERS* 

ORGANISM | (A) ANTIBIOTIC GROUP (B) NONANTIBIOTIC GROUP 
S. typhosa rabbit rabbit > 
1- 640 4 - 2,560 
1,280 5 - 1,280 
1,280 6 - 1,280 

S. typhimurium rabbit rabbit 
- 1,280 1,280 
2 - 1,280 5 1,280 
- 640 6 - 1,280 

Esch. coli rabbit rabbit 
- 5,120 5,120 
- 5,120 5,120 
-10,240 5,120 
Figures are the reciprocals of the final serum dilutions. 


*(A) treated with chloramphenicol; (B) no antibiotic treatment. 


However, the literature contains a large number of conflicting reports re- 
garding the effect of antibiotics on quantitative antibody production, results 
‘anging from marked inhibition to no effeet, and even increased antibody pro- 
duction. 


Such results are perhaps not altogether unexpected since variations 
in the type of antibiotie (i.e., whether primarily bacteriostatie or bactericidal 
in action), the nature of the host, and the type of parasite ean all influence 
the final results. 

Our experience with clinical cases of enteric fever suggests that there is a 
delay in the production of antibody, where treatment is begun in the first few 
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days of illness, but that the final titers are not significantly lower than in non- 
treated cases. Where treatment is delayed till about the sixth to eighth days 


of illness then the antibiotic appears to have no influence on subsequent anti- 
body formation. 


TABLE II. ApSORPTION oF TyPE O ANTIBODY 


“| AGGLUTININ TITERS AFTER ADSORPTION 


ANTISERUM ADSORBED BY 0.901 0.901" 
(1) S&S. typhosa O 0.901 Neg. Neg. 
0.901" Neg. Neg. 

(2) S. typhosa Ot 0.901 Neg. Neg. 
0.901* Neg. Neg. 


*Organisms treated with chloramphenicol. 
fSera from chloramphenicol-treated immunized rabbits. 


TasLe III. ApsorpTion oF Vi ANTIBODY 


AGGLUTININ TITERS 


AFTER ADSORPTION 


ANTISERUM 


ADSORBED BY 


(a) Vi Vi* Neg. Neg. 
Vit 64 64 
(b) Vit i Neg. Neg. 


Vit 

Figures are teciprocals of final serum dilutions, 
*Normal Vi organism suspension. 

‘Vi suspension treated with chloramphenicol, 
tSera from chloramphenicol-treated immunized rabbits. 


B. Agglutinin Adsorption Tests on Sera From Chloramphenicol-Treated 
and Untreated Immunized Rabbits.—In Tables IL and IIT are shown the results 
of adsorption of agglutinins in the ease of antisera containing NS. typhosa so- 
matie type O antibody and Vi antibody, respectively. In the ease of somatic 
type O antibody it was possible to show complete removal of agglutinins from 
hoth groups of sera by adsorption with either normal organism suspensions or 
organisms treated with chloramphenicol. Treatment with chloramphenicol at 
the concentrations and time stated did not appear to affect the somatic antigen 
sufficiently to alter its ability to adsorb antibody. Similarly, it was found that 
normal Vi-containing organisms would completely remove Vi antibody from 
either the chloramphenicol-treated group sera or the nontreated group sera. 
This suggests that the type of antibody formed in both groups has similar eom- 
bining powers for the respective adsorbing strains. Assuming that chloram- 
phenicol may cause some alteration in the determinative pattern of the antigen 
the resulting antibody produced might refleet such alteration in the spatial 
orientation of its molecular strueture. Thus, the ability of such antibody to 
combine with the normal organisms in vitro might be redueed, Conversely, 
however, any alteration produced in the antigenic strueture of the organism 
might merely be of a quantitative nature in which case qualitative alterations 
in the type of antibody formed would not be expected. 

In the ease of the Vi-eontaining adsorbing suspensions, treatment with 
chloramphenicol resulted in a failure of the organisms to remove completely 
the Vi antibody from both groups of sera. The reason for this failure is not 


_ - = 
VI-N* vi-ct 
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clear but is possibly due to a reduction in the amount of Vi antigen. Burgio 
and Rosano,* for example, found that strains of S. typhosa grown in media con- 
taining chloramphenicol exhibited a reduction in agglutinability with anti-O 
and anti-H sera but an enhanced agglutinability with anti-Vi sera. As Felix 
and Pitt® have shown that the greater the amount of Vi antigen in S. typhosa 
strains the lower the titer in the Vi agglutination reaction. 


C. Bactericidal Effect of Immune Sera From Chloramphenicol-Treated and 
Untreated Animals.—The results of in vitro bactericidal tests conducted on the 
two groups of sera are shown below (Table IV). 


TaBLeE IV. Bacrericipan SeruM Tests IN VITRO 
TIME OF 
SAMPLING SERUM INITIAL INOCULUM 
ORGANISM ( HOURS ) f } | p AT ZERO TIME 
S. typhi- 30 
murium 


S. typhosa 2 d 5 

Neg. 

Neg. 


Esch. coli 5 55 
40 
Neg. 


6 Neg. Neg. Neg. Neg. 
24 


Figures represent numbers of colonies per 6.02 ml. volume after overnight: incubation, 


x Saline and complement inoculum control tubes showed no reduction in numbers of organ 
isms during the period of test. 


chloramphenicol-treated rabbits. Sera D, BE, and from non- 
The in vitro bactericidal power of the two groups of sera appeared to be 
practically identical and the findings do not suggest that chloramphenicol in 
any way results in the production of antisera with less protective functions than 
normal type immune sera. Hlowever, one must bear in mind the possible limita- 
tions of in vitro bactericidal tests since the additional in vivo defense factors 
which exist are not possible to simulate in the in vitro experimental model. 

D. Mouse Protection Tests Using S. typhimurium Immune Sera From 
Chloramphenicol-Treated and Untreated Animals._Caleulation of the LD,,, dose 
of S. typhimurium for the two serum-treated groups of mice gave an inter: 
polated value between 10° and 10* for both groups. The protective value of the 
antibody in the chloramphenicol-treated group of rabbits did not appear to be 
less than that in the nontreated group. The mouse protection tests were re- 
peated, using a different strain of S. typhimurium, with identical results. 


DISCUSSION 


The effect of antibiotic therapy on the humoral response in infectious dis- 
ease states depends to a large extent on the time at which therapy is begun. If 


| 747 
3 1 Neg. Neg. 0.5 Neg. 1 : 
: 6 Neg. Neg. Neg. Neg. Neg. Neg. 
24 
22 120 
2 2 
1 
Neg. Neg. 
24 
62 60 160 
42 45 
1 Neg. 
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given during the first few days of illness there often appears to be a delay in 
antibody production, Such findings have been reported by Smadel*® in the case 
of chloramphenicol therapy in serub typhus. Our own observations in the treat- 
ment of typhoid fever with chloramphenicol would support this finding.’ How- 
ever, since complete eradication of the antigen is not to be expected, particu- 
larly where the antibiotic has primarily a bacteriostatic action, the final attain- 
able titers are usually not lower than those to be found in nontreated cases. 
Where therapy is delayed till after the first week of illness, in the case of enteric 
infections, the effect of the antibiotic on the subsequent production of antibody 
is probably small. In the relapse phase of typhoid fever we have been unable 
to establish any correlation between the occurrence of relapse and the quantita- 
tive amount of antibody present.’ Clinical relapse may oceur in spite of high 
antibody levels, and the high relapse rates which have been reported in patients 
inadequately treated with chloramphenicol cannot be satisfactorily explained 
on the basis of lack of antigenic stimulus with consequent lack of antibody 
formation, 

The relative importance of humoral versus cellular and other mechanisms 
of defense in many infectious disease states is still a matter of confusion. In 
a few instances, for example, the effeet of antibody against the specifie soluble 
substance of pneumococei and the antibody response in certain viral infeetions, 
it appears that humoral factors are of primary importanee. 


In the case of the 
enterie group infections the situation is less clear. 


The ease with whieh ag- 
glutinating antibody ean be demonstrated has tended to focus attention on the 
importance of humoral aspects of protection. 


Clinieal observations, however, 
are not entirely in agreement with this concept. 


It is well known, for example, 
that certain patients never develop demonstrable antibodies against either the 
somatic or flagellar antigens. Others again show only a type H antibody re- 
a type of antibody which has no protective function at all. We have 
shown that roughly one-third of bacteriologieally proved cases of typhoid fever 


Sponse 


never exhibit titers as high as the minimum levels we have suggested as being 
applicable to this part of the world."' Such patients, however, appear to be 
able to overcome the infection as well as those who exhibit high antibody levels. 
It is true that certain patients may develop an incomplete type of antibody 
whieh will only be deteeted by the use of an anti-human globulin teehnique and 
that such antibody may well have a protective funetion. However, the fact that 
clinical relapse ean oecur with high levels of agglutinating antibody suggests 
that humoral factors are a relatively poor defense mechanism in enteric fever, 
and thus one must look elsewhere for an adequate explanation of the effeet of 
chloramphenicol in inereasing the relapse rate when given for too short a period 
of time, 

The present results seem to indicate that there is little, if any, difference 
in the qualitative nature of the antibody produced against strains of the Entero 
bacteriaceae family in groups of animals treated with chloramphenicol and in 
those animals not treated. It may be that the methods of deteetion of sueh 
qualitative differences are too crude to determine minor changes in the spatial 


‘ 4 
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orientation of the antibody. This may apply especially in the case of in vitro 
bactericidal tests since the experimental model employed in such tests may not 
allow for additional factors operating in vivo. We have recently attempted 
to study the qualitative nature of such antibody by means of agar gel double 
diffusion techniques, using antigenic extracts prepared according to the method 
of Webster and associates.’2. Here again preliminary results show that the 
precipitation patterns observed with both groups of sera are identical in all 
respects. 

A number of workers have observed changes in antigenie structure of 
organisms as the result of antibiotie therapy. Such investigations have usually 
been carried out by observing alterations in antigenie make-up following ex- 
posure of the organisms to varying concentrations of antibiotic for varying 
periods of time, or by studying the antigenic structure of deseendents of organ- 
isms grown in media containing subinhibitory concentrations of antibiotic. 
Servant,’ for example, has found that treatment of certain strains of the 
Enterobacteriaceae family with dihydrostreptomycin may reduce the amount 
of extractable polysaccharide by as much as 300 per cent, as compared with 
normal organisms. We have cited the work of Burgio and Rosano* who found 
that strains of S. typhosa grown in media containing chloramphenicol exhibited 
reduced agglutinability with anti-O and anti-H sera and enhaneed agglutin- 
ability with anti-Vi sera. Farhi and Lamensans,'* on the other hand, found 
that S. typhosa strains in contact with chloramphenicol for a period of 5 hours 
became hyperagglutinable with anti-O sera and hypoagglutinable with anti-Vi 
sera. These latter workers also reported that the antibodies produced in re- 
sponse to the modified organisms were less protective than antibodies produced 
against the normal organisms. Braun and associates’? found that strains of 
brucella grown in inereasing concentrations of penicillin produced descendents 
differing in antigenic strueture from the original strains. Antigenic variations 
of this type may conceivably be either qualitative and/or quantitative in nature. 
In the former case, qualitative changes in the antibody produced will depend 
on the experimental conditions employed with respect to the concentrations of 
antibiotic used and the time of interaction with the organisms. Consequently it 
may not be possible to apply the results of in vitro experiments to conditions 
pertaining in vivo sinee in the latter the organisms may be proteeted from the 
effect of the antibiotic to a large extent, for example, by their intracellular 


position, Quantitative changes in bacterial antigenie components, on the other 


hand, may or may not result in a change in the total amount of antibody pro- 
dueed. 


It seems unlikely that the high relapse rates in enterie fever, associated 
with inadequate chloramphenicol therapy, are related to either a quantitative 
failure of antibody production or a qualitative change in the nature of the anti- 
body. It would seem that the host cellular factors are of importance, and we 
have previously discussed the possibility that chloramphenicol may inerease the 
number of intracellular forms of the organism.' In this connection Choremis 
and associates'® found a 14 per eent relapse rate in 100 cases of enteric fever 


750 WATSON J. Lab. & Clin. Med 


May, 1959 


treated with chloramphenicol as compared with only 7 per cent in a further 
100 cases treated with similar doses of chloramphenicol but who were given 
cortisone in a dose of 1 to 2 mg. per kilogram daily for up to 10 days. Cortisone 
has a depressing effect on phagocytosis and consequently may reduce the num- 
ber of intracellular organisms available for initiation of the relapse phase. 


SUMMARY 


An investigation of certain aspects of the qualitative nature of antibody 
produced in animals treated with chloramphenicol failed to reveal any differ- 
ences as compared with antibody produced in nonantibiotic-treated animals. 
Immunizing strains employed were Salmonella typhosa, S. typhimurium, and 
a strain of Escherichia coli rich in Vi antigen. It is suggested that the high 
relapse rates' found in inadequately treated cases of enteric fever are not 
related to a failure of antibody formation or to qualitative alterations in the 
type of antibody. 
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eerie igen for the route of vaccine administration immediately 
prior to the Asian influenza epidemie of 1957 had to be made on contra- 


dictory evidence. Van Gelder and associates' and Bruyn and co-workers,” using 
older influenza vaecines, of unspecified chicken cell agglutinating (CCA) units, 
had found the intracutaneous inoculation to produce a superior antibody re- 


sponse relative to the subeutaneous inoculation in tests employing both routes in 
adults. Later, in 1956, Woolridge and Seal,’ in similar tests with monovalent 
500 CCA unit vaecines found the subeutaneous route to be superior. Since the 
1957 epidemic, Hilleman and associates,’ using vaccines of 160, 185, and 500 
CCA units, reported that no major difference was evident between the two 
routes of vaecine administration. The wide differences in the initial titer levels 
among these groups, however, indicate a lack of comparability and make their 
results difficult to interpret. In addition, other investigators had reached 
similar conflicting conclusions from studies using only one or the other route. 
Our present study essentially confirms previous work, and also the resulting 
divergent views, and may indicate the reason for confusion in this area. 


METHODS 


In February, 1958, we inoculated 168 Navy recruit volunteers from the United States 
Naval Training Center, Great Lakes, Illinois. The men were randomly assigned to groups 
which received an inoculation by one or the other route of undiluted, 1:10, 1:100, and 
1:10,000 saline dilutions of Asian influenza virus vaecine (A/JAP/305-57) containing 
about S00 CCA units per milliliter. Men receiving the vaccine by the subcutaneous route 
were given 1 ml. injections in the upper arm using a % inch 23 gauge needle. These 
inoculations were possibly intramuscular in thin men, The men receiving intracutaneous 
inoculations were given 0.1 ml. injections in the forearm. Presumably, some leakage 
oceurred into subcutaneous levels. A 1 mil. formalinized saline inoculation was given sub 
cutaneously to a placebo group. Thus, we studied 9 groups which are designated in terms 
of the CCA unit each received, i.e., subcutaneous: 800, 80, 8, 0.08, and 0.000 (placebo) ; 
and intracutaneous: 80, 8, 0.8, and 0,008, 

The men were bled prior to inoculation and again 21 days later. The initial and 
2-day sera were titrated “blind” in a single hemagglutination inhibition test and again 
using the complement-fixation test. The test proposed by the Committee on Standard 
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Serological Procedures® was used to determine the hemagglutination inhibition antibody 

response to the vaccine, The sera and virus antigen were treated with KIO* according 

to the method described by the United States Publie Health Service. The modified 
Kolmer technique was employed for the complement fixation test.7 


RESULTS 

The random selection, stratified to give 5 groups with double the number 
of men of the other 4 groups resulted in groups with reasonably comparable 
initial antibody titer levels to Asian influenza virus. Sinee the HI and CF 
antibody titers tended to be proportional in all aspects, only the former are 
discussed in this report. Table I gives the initial HI antibody titers, geometric 
mean titers and the number of men in each group. An analysis of variance of 
these data indicates that the twofold variation in the initial titers of the groups 
is well within errors of sampling. The high antibody titer levels, after the 1957 
influenza epidemic, indicate that the conclusions of this study apply to an anam- 
nestic response rather than to a primary response. 


TABLE |. NuMBER OF Navy Recruits at Various Initia, HI ANtipopy Titer LEVELS BY 
Vaccine Group, Great LAKES, ILL., Fesruary, 1958 


| ML. SUBCUTANEOUS 0.1 ML. INTRACUTANEOUS 
or GROUPS (CCA UNITS) | GROUPS (CCA UNITS) PLACEBO 
TITER 800 | 80 |; 8 | 008 | 80 | 8 | O8 | 0.008 0.000 
16 
32 
64 
128 
256 


No. reeruits 


Geometric 
mean titers 


Data for average tubes, or logarithms of antibody titer change, are shown 
. 


in Fig. 1. An analysis of variance of these data indicates a substantial varia- 
tion among the groups (P<0.01). The slight average increase in the placebo 
group (indicated as zero CCA unit in Fig. 1) may refleet some concurrent in- 
fluenza infection; presumably natural infections occurring in the other groups, 
if at all present, would not be greater than for the placebo. 

It is evident from Fig. 1, that the intracutaneous route of vaccine adminis- 
tration was accompanied by a superior antibody response with dosages of about 
50 CCA units per milliliter or less. With vaecine of more than about 50 CCA 
units per milliliter, and inoculations of 1 ml. subeutaneously and 0.1 ml. intra- 
cutaneously, the subcutaneous route was superior, at least in Navy reeruits. 
Hence, by interpolation, we might expect a subcutaneous inoculation of about 
50 CCA units of vaceine to produce an antibody response identical to that of 
an intracutaneous inoculation of about 5 CCA units. Older vaecines very likely 
contained fewer CCA units than present vaccines. Further, where these vae- 
cines were mixtures of several viruses, the CCA unitage of a particular virus 
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would be a small fraction of the total CCA unitage of the vaccine. Hence, the 
reported superiority of the intracutaneous route’’* may very well have been 
due to the small amount of CCA units of specifie antigen in the vaccine used. 
Monovalent vaccine inoculations of more than about 50 CCA units,’ tend to 
result in relatively greater antibody production when given by the subcutaneous 
route. Our studies suggest that the relation between dosage in antibody re- 
sponse is linear in the case of the intracutaneous route and curvilinear (or sig- 
moid) in the case of the subeutaneous route. There may be a quantitative varia- 
tion in this relation between dosages and route from viral strain to strain, and 
perhaps from one population of test subjects to another. However, it seems 
reasonable to interpret the previously conflicting reports as being due to the 
variation in CCA unitage and to the difference in antibody response, as noted 
in this report, which seems to vary with dosage and inoculation route. 


Ol 
1 


i 
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Fig. 1.—Average tube (or log:) HI antibody titer change to Asian influenza 21 days 
after inoculating Navy recruits by various routes and dosages of Asian influenza virus vac- 
cine, Great Lakes, Ill., February-March, 1958. 


SUMMARY 

The antigenic response of male United States Navy recruits to influenza 
vaccine was studied. The intracutaneous and subeutaneous routes of inoculation 
were employed using undiluted vaccine and various dilutions to 1:10,000. The 
antigenic response following intracutaneous inoculation tended to be propor- 
tional to the logarithm of the dose (a straight line); while the responses to the 
subeutaneous route tended to show a sigmoid relation, crossing the line for 
intracutaneous route at about 50 CCA units. It is suggested that the previous 
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differences noted by other investigators, favoring one or the other routes of 
vaccine administration, are in part due to variation in the vaccine potency 
(particularly to a specific antigen in the case of polyvalent vaccines) and the 
biological difference, herein noted, between these two routes of vaecine adminis- 


tration. 
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UNIVERSAL SEROLOGIC REACTION IN PLASMACYTIC MYELOMA 
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ANN ArBor, MICH. 


AWSON and co-workers' reported that patients with multiple myeloma show 
either a complete absence or a marked deficiency in natural antibodies. 
The antibodies studied ineluded agglutinins for typhoid and other enteric 
organisms and for sheep erythrocytes and, also, type-specific agglutinins for 
human A and B erythrocytes. They state that ‘‘the immunologic abnormality 
demonstrated in multiple myeloma is considered to be the result of abnormal 
function of the malignant plasma cells whereby deranged protein synthesis 
results in the production of abnormal proteins at the expense of normal proteins, 
including antibody protein.*’ 

Wiener and associates? stated recently: ‘*Many studies have been at- 
tempted to determine the nature of the serum globulin responsible for the 
classical findings of multiple myeloma, and to indicate whether it represents an 
excess of a normal serum constituent or is in fact an abnormal protein specifie 
for the disease. The consensus, based on experimental studies, suggests that an 
abnormal protein is produced by the pathologie plasmaecytes of bone marrow.”’ 
Putnam® also reported that in multiple myeloma ‘‘the abnormal globulins ae- 
cumulate as if they were made by a defective assembly-line that had lost the 
ability to produce the diverse speetrum of normal globulins.’ 

The absence of natural antibodies in plasmacytie myeloma, combined with 
the existence of abnormal globulins in this disease, raised the question whether 
what appears to be an antibody to lipids, deteeted in the universal serologic 
reaction, would also be absent. This serum reaction, based on flocculation, has 
heen found to be positive in all human beings and animals tested thus far. As 
in the case of other antibody reactions, only the globulins of serum give positive 
flocculation results, the albumins giving completely negative results." ° 

The universal reaction is unique in several respects. Although universally 
positive, the reaction is readily differentiated on the basis of differences in 
serologic patterns. These differences are based on the intensity of the floceu- 
lation reaetions which may be weak, moderate, or strong, and also on the ar- 
rangement of the flocculation pattern. In health, these patterns tend to be con- 
stant. For example, a person showing a given pattern of strong flocculation 
gives the same pattern on repeat examinations at different intervals. 

In the chronic diseases studied thus far, including syphilis, tuberculosis, 
malaria, and leprosy, the universal reaction increases in intensity over the 


From the Clinical Laboratories and the Departments of Internal Medicine and Der- 
matology, University Hospital, University of Michigan, Ann Arbor, Mich. 

This study was aided in part by the Difco Laboratories, Inc., Detroit, Mich., and by 
the Wenner-Gren Foundation for Anthropological Research, New York, N Fy 

Received for publication Sept. 12, 1958. 


fs 


756 PINELRO, BISHOP, AND KAHN J. Lab & Cha. Mod. 
normal flocculation level. Exeeptions are forms of tuberculosis or leprosy in 
which the disease is widely disseminated, when the reaction is generally weak— 
due presumably to inability of the patients to produce antibodies.‘ 

Kahn believes that the universal reaction in health is the result of an auto- 
antigen-antibody reaetion to lipids. His theory is that lipids liberated in the 
course of normal metabolism undergo such conjugation with protein as to be- 
come autoantigenic, calling forth autoantibody formation to lipids. Under eon- 
ditions of tissue breakdown, especially in chronie diseases, the inerease in lipid 
liberation leads to a corresponding increase in autoantibody formation and to 
universal reactions of increased intensity. 


TABLE I. UNIVERSAL SEROLOGIC REACTION With NoRMAL HUMAN SERUM 
(SEVEN QUANTITATIVE SETUPS OF SERUM DILUTIONS WITH Lipip ANTIGEN ) 
SERIAL 
DILUTIONS OF PER CENT NaCl SOLUTIONS EMPLOYED IN SERUM DILUTIONS 
SERUM 0 O15 0.6 0.0" | 1.2 | 1.8 | 2.1 
Readings made without incubation of serum-antigen suspension mixture 
~ 
:64 


Readings after 4 hours’ incubation in an icebor 


4 4 
4 4 
4 
4 4 
4 
4 


*The quantitative setup with 0.9 per cent NaCl solution, read without incubation, is 
similar to a quantitative Kahn reaction, 


METHODS 


Before presenting the findings of the universal serologic reactions in plasmacytic 
myeloma, the serologie technique will first be briefly presented, and the results given by 
normal individuals illustrated. 

The technique of the universal reaction consists of 7 quantitative setups of serum 
dilutions plus Kahn antigen suspension. The first setup of the serum dilutions is prepared 
serially with distilled water; the second with 0.15 per cent NaCl solution; the third with 
0.6 per cent NaCl solution; the fourth with 0.9 per cent; the fifth with 1.2 per cent; the 
sixth with 1.8 per cent; and the seventh with 2.1 per cent NaCl solution. These serum dilu 
tions in 0.15 ml. amounts are mixed with antigen suspension in 0,025 ml. amounts (ratio 
ti:l). The mixtures are shaken for 3 minutes and the flocculation results read immediately. 
\ second reading is made after 4 hours’ ineubation at 4° C., and a third reading after 24 
hours at the same temperature, 
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Table I illustrates a weak universal serologic reaction given by a normal individual. 
The flocculation results of this reaction are presented graphically by the cross-hatched areas 
in Graph 1 of Fig. 1. The figure also illustrates a moderately strong reaction (Graph 2) in 
which flocculation is marked after 24 hours at cold incubation, and a strong reaction 
(Graph 3) in which flocculation is also marked after 4 hours at cold incubation. 

The experimental plan was to draw blood specimens from patients with plasmacytic 
myeloma and examine them with the universal serologic technique. Because the universal 
reaction was determined in this laboratory at the same time in normal individuals and in 
patients with diseases other than plasmacytie myeloma in connection with other serologic 
studies, there were always an ample number of controls employed. 
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Fig. 1.—Universal serologic reactions in normal human beings. 
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RESULTS 

Table II lists 12 patients with a diagnosis of plasmaeytie myeloma in whieh 
the universal reaction gave negative results. The main data which led to the 
diagnosis, including initial symptoms, total serum protein, serum globulin (lowe 
method), paper electrophoresis, hemoglobin, Bence Jones protein, marrow aspira- 
tion, and x-ray picture, are summarized in the table. The table also lists 4 
patients with plasmacytic myeloma who gave very weakly positive universal 
reactions. It can be seen from Fig. 2 that the flocculation in these 4 patients is 
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unusually weak. The circumstances under which these patients were studied 
serologically were such as to permit only one examination and at a time in 
which they were undergoing treatment. Had we had the opportunity to make 
several serologic examinations during the disease, some of the reactions might 
have been completely negative. It is possible that, in some patients with 
plasmacytic myeloma, treatment exerts a special effect on the universal re- 
action causing them to regain some degree of reactivity. 


Fig. 2.—-Weak universal reactions in 4 patients with plasmacytic myeloma. 


Six additional patients are discussed in whom the diagnosis of plasmacytic 
myeloma was questionable or ruled out on the basis of clinical and laboratory 
findings. Some of these gave quite strong universal reactions. These patients 
are the type which confront the physician with the problem of deciding whether 
to treat for myelomatosis or for some other condition. The case reports of these 
patients are briefly summarized below, and Fig. 3 presents their universal re- 
actions. 


Case 1 (A. W.).—This 68-year-old housewife was admitted to the University of Michi- 
gan Hospital because of recurrent pain in her right hip during the year previous to ad- 
mission. The pain was dull, aggravated by sitting, and there was slight radiation of the 
pain into the right leg. The pain increased in frequency until it was present almost con- 
tinuously during the 4 months before admission. There had been a 15-pound weight loss 
during the 6 months before admission. 

Examination revealed a slightly obese woman who did not appear ill, The blood 
pressure was 160/80 mm. Hg; the pulse was 72 per minute, The general physical examina- 
tion was not otherwise unusual, 

Urinalysis was within normal limits. There was no Bence Jones protein in the urine. 
The peripheral blood showed no distinetive abnormality, The hemoglobin was 12.3 Gm. 
per 100 ml, and the hematocrit 38 per cent. No diagnosis was warranted from sternal 
marrow examination, ‘Total serum protein was 6.6 Gm. per 100 ml. and the distribution 
of the protein fractions was normal on paper electrophoresis. 
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X-ray examination of the spine showed a vertical radioluceney of the ninth dorsal 
vertebra which suggested the presence of a hemangioma, There was a lytic defect in the 
right side of the sacrum. A cordotomy was done for relief of pain. 


Biopsy of the sacral region revealed a fibrosarcoma, The universal reaction was 
weakly positive. 
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Vig. 3.—Universal reactions in 6 patients with doubtful diagnosis of plasmacytic myeloma 


Case 2 (W.H.).—This 56-year-old housewife was referred to University Hospital be 
cause of back pain of 1 week’s duration. She sustained back trauma 15 years before 


ad 
mission and had recurrent pain localized in the low back, 


This had not been severe enough 
to require treatment previously. One week before admission, she noted onset of severe 
pain in her back while getting into bed. Pain was persistent to the time of admission. 
It was localized in the back, aggravated by walking but not aggravated by coughing. The 
patient had been known to have hypertension and diabetes for 10 years. She 
menstrual periods for 2 vears. 


had had no 


Physical examination showed a moderately obese woman in no acute distress. The 
blood pressure was 220/120 mm, Hg. The pulse was 80 per minute, The heart was slightly 
enlarged to percussion, There was a soft systolic murmur at the cardiae apex, 


Urinalysis was within normal limits. There was no Bence Jones protein in the urine. 
The hemoglobin was 12.0 Gm. per 100 ml. and the hematocrit 38 per cent. The 


mentation rate was 33 mm. per hour (Wintrobe corrected). The 


sedi 
total serum protein was 
7.8 Gm. per 100 ml. with 28 per cent gamma globulin by paper electrophoresis. 

X-ray examination of the spine revealed demineralization of spine and pelvis with 
compression fracture of the twelfth dorsal vertebra. 

Sternal marrow aspirate showed a definite increase in plasma cells (10 per cent). Most 
of these were mature in appearance. 


The patient was treated with x-ray to the thoracolumbar spine and urethane 
prescribed. She showed symptomatic improvement on this program. The 
action was strongly positive. 
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Case 3 (B. K.).—This 51-year-old truck driver was referred to University Hospital 
for treatment of decubitus uleers. He had undergone a sympathectomy for intermittent 
claudication one year previously. Postoperatively he developed paralysis and anesthesia 
below the seventh thoracic segment. He then developed decubitus ulcers, Several graft- 
ing procedures were done in another hospital. Because of the poor results, he was referred 
to this hospital for further care. 


Physical examination revealed a paraplegic man in no distress. The blood pressure 
was 140/96 mm. Hg. The pulse was 96 per minute. There were multiple decubitus ulcers 
over sacrum and thighs. No pulses were palpable to popliteal space or below, bilaterally. 

Urinalysis showed a one plus albuminuria but no Bence Jones protein, There were 
5 to 10 white blood cells per high power field in the urinary sediment. The hemoglobin 
was 0.0 Gm. per 100 ml, the white blood cell count was 16,250/mm.3 with 70 per cent 
neutrophils, 21 per cent small lymphocytes, 6 per cent monocytes, and 3 per cent eosinophils. 
The platelets were increased in number on the blood film and the red blood cells showed 
basophilic stippling. The total serum protein was 8.9 Gm. per 100 ml, with 42 per cent gamma 
globulin on paper electrophoresis. There was no “myeloma peak” on electrophoresis. 
Howe fraction showed 5.7 Gm, per 100 ml, globulin and 3.2 Gm, per 100 ml. albumin. 

Sternal marrow aspirate showed 4 per cent plasmacytes, Some of the plasmacytes 
were immature in appearance; some were binucleate, and some had 4 nuclei. 

X-ray examination revealed diffuse demineralization of bone but no localized bone 
lesions. 

The patient was treated with pedicle grafts and transfusions for a period of 5 
months in the hospital, There was no eliniecal evidence of plasmacytie myeloma during 
this time. A repeat sternal marrow aspiration done after 2 months in the hospital showed 
marrow very similar to the first aspirate, except that the plasmacytes were less numerous. 
Total serum protein 3 months after admission was 7.7 Gm, per 100 ml, with 4.4 Gm. globu- 
lin and 3.3 Gm. albumin. The universal reaction was strongly positive. 


Case 4 ('T. B.).—This 74-year-old retired man was referred to the University Hospital 
because of severe anemia, His complaints were referable to the anemia and consisted 
of weakness and exertional dyspnea of 6 weeks’ duration. The anemia had been treated 
with transfusions. 

Physical examination revealed only moderate obesity. The liver and spleen were 
not enlarged. 

Urinalysis showed one plus albuminuria but no Bence Jones protein, The hemo- 
globin was 10.8 Gm. per 100 ml, red blood cell count 3,800,000/mm.%, hematoerit 33° per 
cent. The white blood cell count was 3.650/mm.* with 34 per cent segmented neutrophils, 9 per 
cent band neutrophils, 28 per cent lymphocytes, 6 per cent eosinophils, 1 per cent basophils, 
and 22 per cent monocytes. There were toxie changes in the monocytes. Sternal marrow 
aspirate showed normoblastic erythropoiesis. There were toxic changes in the granulocytes 
and the more immature forms were frequent in number, Plasmacytes were slightly in- 
creased in number, Some of these were atypical in appearance with prominent nucleoli. 
Reticulum cells were inereased in number. 


The total serum protein was 7.5 Gm, per 100 ml. Paper electrophoresis of the serum 
protein showed 43.2 per cent albumin, 4.8 per cent alpha-l globulin, 6.8 per cent alpha-2 
globulin, 28.6 per cent beta globulin, and 16.5 per cent gamma globulin. 

No bone lesions were demonstrable by x-ray. 

The patient was treated with transfusions to maintain his hemogloblin concentra 


tion at adequate levels, Universal reaction was strongly positive. 


Case 5 (C.R.).—-This 53-year-old farmer was referred to the University Hospital 
because of a persistent leg ulcer, This had begun 14 months previously after trauma 
and had failed to heal. During this 14-month period he had had a 28-pound weight loss 
and marked ease of fatigue. 
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Physical examination revealed a chronically ill man who was not in acute distress. 
The liver was palpable 3 em. below the right costal margin and the spleen 15 em, below 
the left costal margin. Small nodes were palpable in the left cervical, right axillary, 
and both inguinal regions, There was a 4 by 4 em, uleer over the right medial malleolus. 

Urinalysis revealed 3 plus albuminuria but no Bence Jones protein. The urinary 
sediment was not atypical. 

The hemoglobin was 5.8 Gm. per 100 ml, red blood cell count 2,000,000/mm.3 and 
hematocrit 19 per cent. The white blood cell count was 1,300/mm.% with 6 per cent seg- 
mented neutrophils, 7 per cent band neutrophils, 21 per cent monocytes, 15 per cent large 
lymphocytes, 46 per cent small lymphocytes, and 5 per cent eosinophils. The platelets 
appeared normal in number on the blood film. There was moderate rouleau formation of 
the red blood cells. 

Sternal marrow was hypocellular, Granulocytic elements showed a toxie change. 
Erythroid elements were normoblastic. Lymphocytes were relatively increased, A mod- 
erate number of plasmacytes were present. Iliac marrow was very similar to sternal mar- 
row, Splenic aspiration showed both mature and immature lymphocytes. There was no 
evidence of extramedullary hematopoiesis, Left inguinal biopsy showed no abnormality. 

The total serum protein was 10.2 Gm, per 100 ml. On paper electrophoresis, this 
was 24.2 per cent albumin, 6.4 per cent alpha-1 globulin, 9.7 per cent alpha-2 globulin, 
IS per cent beta globulin, and 42 per cent gamma globulin. 

No bony lesions were demonstrated by x-ray examination of the chest, pelvis, and 
skull. Skin tests (tuberculin, blastomycin, histoplasmin, and coccidioidin) were all nega- 
tive. He was thought to have a lymphoma involving spleen and was treated with x-ray 
therapy to his spleen. Universal reaction was weakly positive. 


Case 6 (O. B.).—This Sl-year-old retired man gave a history of recurrent perium 
bilieal pain of 1 year’s duration and a history of weakness and ease of fatigue of 2 years’ 
duration, He had been treated for anemia for 5 months before he was referred to Univer 
sity Hospital. This treatment consisted of transfusions, vitamin B,,, and iron. 

Physical examination revealed a man who appeared much younger than his stated 
age. The conjunctivae and skin were pale. The liver and spleen were not palpable. 
Urinalysis was within normal limits. The hemoglobin was 8.1 Gm. per 100 ml, hematocrit 
26 per cent, and red blood cell count 2,800,000/mm.8 The white blood cell count was 
5,300/mm.8 with 54 per cent neutrophils, 29 per cent lymphocytes, 13° per cent monocytes, 
and 4 per cent eosinophils. The monocytes were vacuolated and toxic in appearance, There 
were S per cent reticulocytes. Slight polychromasia of the red blood cells was present. 
The sternal marrow was cellular with an erythroeyte-granulocyte ratio of 2:5. Plasmacytes 
constituted 14 per cent of the nucleated marrow cells. Many of these were atypical in 
appearance, 

The total serum protein was 8.0 Gm. per 100 ml. Paper electrophoresis showed 38 
per cent albumin, 4.5 per cent alpha-1 globulin, 8.4 per cent alpha-2 globulin, 8.9 per cent 
beta globulin, and 40.2 per cent gamma globulin. The total serum bilirubin was 1.2 mg. 
per 100 ml, with 0.1 mg. per 100 ml, direect-reaeting bilirubin, 

The diagnosis of acquired hemolytic anemia was made. The patient was treated 
with hydrocortisone and splenectomy was performed. Three months after the operation, 
the hemoglobin was 13 Gm. per 100 ml. and the hematocrit 42 per cent. 


Universal reaction was strongly positive. 
DISCUSSION 


An outstanding feature of the serologic reaction with lipid antigen is that 


it behaves like an antigen antibody reaction. In syphilis, for example, the re- 


sults of serologie tests with lipid antigen and of Treponema pallidum immobiliza- 
tion tests, run closely parallel. The main differences lie in the somewhat earlier 
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appearance of positive reactions with lipid antigen than with treponemal 
antigen, and in the fact that the treponemal reactions tend to remain longer 
after antisyphilitie therapy.® 

It was also observed in this laboratory that the injection of horse serum 
in rabbits led to an increase in flocculation in their universal reactions over 
their normal flocculation levels, and this increase corresponded broadly to 
the appearance of specific precipitins in the blood stream. A tendency was noted 
for the specific precipitins to appear earlier and disappear sooner than the uni- 
versal antibodies.° 

Assuming, therefore, that we are most likely dealing in the universal 
reaction with an antibody or an antibody-like substance, then the lack of 
reactivity observed in plasmacytie myeloma corroborates the findings of Law- 
son and co-workers! who reported complete absence or marked deficiency of 
natural antibodies in this disease. As to the basis of the negative universal 
reactions in multiple myeloma, it is probably the result of alteration of the 
globulins, as reported by different authors. 

It is likely that this absence of reactivity of the serum of patients with 
plasmacytic myeloma in the universal serologic reaction may prove an addi- 
tional aid in the diagnostic armamentarium of this disease. The only other 
disease known to give negative universal serologie reactions is agammaglob- 
ulinemia, which is an extremely rare disease and relatively easy to diagnose. 


SUMMARY 


The universal serologic reaction was studied in 16 patients with plasma- 
cytic myeloma, Twelve of these gave completely negative reactions and 4 
gave unusually weak reactions. It is believed that the absence of or defi- 
ciency in reactivity of the universal reaction in this disease is the result of 
abnormality of the globulins. It is suggested that the universal reaction may 
offer an additional diagnostic aid in plasmacytie myeloma. 
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OBSTETRICAL HEMORRHAGE IN CRIMINAL ABORTION AND 
ABRUPTIO PLACENTAE 


A Stupy oF THE BLoop COAGULATION AND FIBRINOLYTIC SYSTEMS IN THREE CASES 


SeyMour Pu.D., M.D., ALex Unix, M.D., Newuin F. Paxson, M.D., 
H. M.D., O’Riorpan, M.D., NatHan Back, D.Sc., aNd 
JULIAN L. AmBrus, PH.D., M.D. 

PHILADELPHIA, Pa., AND Burra.o, N. Y. 


By of fibrinogen as a factor in obstetrical hemorrhage has received increas- 
ing attention during the past few years. In such conditions as abruptio 
placentae, intrauterine fetal death, and criminal abortion with attendant uterine 
trauma, hemorrhage, partly because of a lack of fibrinogen, is a salient feature.’ 

The cause of fibrinogen depletion in these conditions is still a matter for 
debate. Schneider? has shown that placental tissue and its soluble derivatives 
can initiate intravascular coagulation and the subsequent afibrinogenemia. 
Amniotic fluid eseaping into the general circulation mediates a similar diathesis.* 

An alternate mechanism thought to underlie the hemorrhage of fibrinogen 
deficiency is the activation of the fibrinolytic system." * In seleeted eases, low 
fibrinogen has been correlated with a low profibrinolysin titer and low anti- 
fibrinolysin titer, thus suggesting the prior existence of active, effective 
fibrinolysin levels of short or transient duration. 

Clarification of the mechanism of afibrinogenemia is of more than academic 
interest, inasmuch as effective therapy must be based on an understanding of 
the pathogenesis. The development and use of a suitable antifibrinolysin would 
be in order for afibrinogenemia due to fibrinolysin. 

On the other hand, afibrinogenemia due to release of thromboplastie 
materials into the circulation with resultant intravascular coagulation presents 
a different problem. In this case, the intravenous use of fraction I fibrinogen 
must be considered. This therapy has met with the disapproval of some 
investigators beeause of possible further embolization of fibrin, pulmonary 
hypertension, and acute shock of the cor-pulmonale type.° 

This paper describes the blood coagulation findings of 3 cases of obstetrical 
afibrinogenemia and shows that either mechanism of afibrinogenemia—intravas- 
cular coagulation or fibrinolysis—may occur. Further, fraction I fibrinogen has 


been successfully used as effective therapy for afibrinogenemia caused by the 
former mechanism, while effective therapy for that eaused by the latter 
mechanism has yet to be developed. 


From the Hahnemann Medical College and Hospital of Philadelphia and the Roswell 
Park Memorial Institute, Buffalo, N. Y. 
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MATERIALS AND METHODS 


Venous blood, collected and stored in siliconized glassware with 0.1 volume 3.8 per cent 
sodium citrate, was used in all studies. Tests were done within 24 hours of collection and 
the blood was refrigerated when not in use. 


Blood Coagulation Studies.—The studies on blood coagulation included the following 
tests: (1) modified thromboplastin generation tests?; (2) one-stage prothrombin time 
test®; (3) modified one-stage tests using 1:1 mixtures of normal plasma and patient plasma, 
as well as 1:1 alumina-adsorbed normal plasma and patient plasma; (4) factor V_ level®; 
(5) factor VIT level®; (6) fibrinogen level®; (7) reealcified plasma clotting time; (8) 
modified plasma clotting time with 1:1 normal and patient plasma mixtures®; (9) levels of 
members of the fibrinolysin system. The initial crude lysin test simply noted the lysis time 
of clots of recalcified control and patient plasma, or mixtures thereof, at 37° C. Whenever 
indicated by preliminary studies, more detailed lysin studies were undertaken according to 
the methods of Ambrus and associates..0 The results are expressed either in Loomis units 


or, whenever activities are too low to read quantitatively from the calibration curves, the 
actual lysis times are given, 


CASE HISTORIES 


Case 1l.—A 26-year-old Negro woman, primigravida, at term was admitted to the hos 


pital after having been found unconscious at home and breathing stertorously. Clinical 
diagnosis was abruptio placentae, The patient showed a tendency to bleed and blood samples 
failed to clot. Bloody amniotie fluid, loss of about 300 ml. of blood per vaginam, and con- 
junetival hemorrhages were noted. Whole blood and fraction I fibrinogen were administered 


intravenously, Labor was induced by the intravenous administration of posterior pituitary 


extract, Delivery was per vaginam. The clinical diagnosis of abruption was confirmed. 
Except for residual 3-day amnesia, the patient made an uneventful recovery. 

CASE 2.——A 36-year-old Negro woman, para ix, gravida x, was diagnosed as a case of 
abruptio placentae, with afibrinogenemia and intrauterine fetal death. (A Fibrindex test 
was greater than 10 minutes undiluted.) The whole blood coagulation times were greater 
than 20 minutes at 2 P.M. and greater than 12 minutes at 2:40 p.m. After administration 
of 2.1 Gm. of fraction I fibrinogen and 1 unit of whole blood from 3:30 to 4:10 P.M., the 
whole blood coagulation time was greater than 13 minutes. After further administration 
of 2 more units of whole blood and 2.7 Gm. of fibrinogen from 4:45 to 6:43 P.M., the whole 
blood congulation time was 2 minutes and 15 seconds, The patient then underwent cesarean 
section. The estimated blood loss was 1,800 ml, representing in the main the retroplacental 
hematoma; there was minimal blood loss per vaginam., The patient made an uneventful 
recovery, 

CASE 3.—A 36-year-old woman, para iv, gravida vi, in hemorrhagic shock was admitted 
to a hospital aceident ward in the evening with a 3-day history of bleeding per vaginam, 
becoming profuse immediately prior to admission. The patient, in the sixth month of preg- 
naney, passed placenta and membranes in the accident ward, but no fetus was found, It 
was assumed that this was a case of criminal abortion. Blood cultures were not taken. 


Dilatation and curettage were done to reduce profuse bleeding per vaginam, but the patient 
died on the operating room table following the administration (within 24% hours) of 4 units 


of whole blood, 1 Gm. of fibrinogen, 2 units of whole blood, 2.73 Gm. of fibrinogen, and 2 
units of whole blood, 


Findings at Postmortem Examination.—There was no definite evidence of previous 
retroplacental hematoma. A para-ovarian vein hematoma, 1 em, in diameter, extended from 
the plevic brim to the adrenal gland, Both submucosal urethral hemorrhage and labia majora 
subcutaneous hemorrhage were found, Retroperitoneal ecchymosis, especially in the utero- 
vesicular space was present, A necrotic area, 2 by 3 em. in diameter, was noted in the 


766 
: 


a rs HEMORRHAGE IN ABORTION AND ABRUPTIO PLACENTAE 767 
umber 


fundus uteri, Subendocardial hematoma averaging one-half septum, and an epicardial 
hematoma of left ventricle (possibly due to cardiac massage) was found. Blood was present 
in trachea and stomach. Petechiae were present throughout the gastrointestinal tract with 
mucosal and submucosal hemorrhages and hematopericardium, Bilateral pulmonary conges- 
tion was present. 

RESULTS 

Table I shows the results of the coagulation studies of Case 1. The control 
study done at the same time was that of another patient, primigravida, at term. 
The first two blood samples show a marked fibrinogenopenia, and a low 
prothrombin and factor V. These are reflected in the infinite recalecified plasma 
clotting time and the zero per cent one-stage prothrombin. While bleeding 
continued, the patient was given whole blood and fibrinogen with immediate 
improvement of test values. It is of interest that the elevation of fibrinogen 
levels following the administration of 5.4 Gm. of fraction I fibrinogen was 
quantitatively ideal. Considering that the blood volume in pregnancy has been 
found" to be inereased by as much as 50 per cent (up to 74 per cent body 
weight) and that the patient in question weighed 60 kilograms with hematocrit 
of 0.30, the administration of 5.4 Gm. of fibrinogen should have raised the 
patient’s fibrinogen to approximately 183 mg. per cent. On the other hand, 
assuming the blood volume to be minimally increased (5 per cent body weight), 
the fibrinogen level should have been raised to 350 mg. per cent. These values 
tended to be altered slightly by the subsequent administration of 1 liter of 
whole blood. The determined value of fibrinogen was 275 mg. per cent. Free 
fibrinolysin was not found. 

Table II shows the results of the coagulation studies of Case 2. The con- 
trol study was drawn from a patient at term, multipara, and analyzed simul- 
taneously. The patient’s first two samples are suggestive of a slow type of 
coagulation with progressive impairment of the reealcified plasma clotting time, 
the one-stage prothrombin, and the further diminution of an already low fibrin- 
ogen. Administration of fibrinogen and whole blood from 3:30 to 4:10 P.M. 
effected a definite, although insufficient, improvement. Further administra- 
tion of whole blood and fibrinogen from 4:45 to 6:30 p.m. resulted in a satisfae- 
tory coagulation mechanism, as evidenced by the laboratory tests and the lack 
of unusual bleeding at cesarean section. It is of interest to note that the eleva- 
tion of the fibrinogen levels was reasonable if one assumed a blood volume of 
74% per cent body weight (hematocrit 0.30). In this ease, the administration 
of 4.85 Gm. of fibrinogen should have raised the level of the patient’s fibrinogen 
to 210 mg. per cent. On the other hand, an assumed blood volume of 5 per 
cent body weight leads to a calculation of 280 mg. per cent fibrinogen expected. 
The value determined was 175 mg. per cent. Again the absence of free fibrino- 
lysin was noted. 

The results of Case 3 are presented in Tables II] and IV. The sample taken 
at 2:30 p.m. is of immediate interest. Although the patient had received 


4 units of whole blood in the preceding hour, no demonstrable fibrinogen was 
present since addition of a strong thrombin preparation failed to clot the plasma. 
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TABLE ITI 


PATIENT CONTROL 

TO TO | TO | | NORMAL 

DATA 2:30 (2:30 p.m.) 4:10 p.m. [4:10 P.m.| 4:25 P.M.t| VALUES 

Thromboplastin gen- Received 4 Received 4 

eration test | 15 % 100 % 
bin test 0 % 0% 100 

One-stage prothrom- 

bin of 1:1 patient 

and normal plasmas 100 % 100 % 


| units of } } 


One-stage prothrom- 
bin of 1:1 patient 
and normal alu- 
mina-adsorbed 
plasmas 

Factor V 

Factor VII 


and 3.7 


| 27 % 
One-stage prothrom- | 
units of 
| 
| 
whole blood) | 


Gm. of 


| 
| 
| 
| 


| 40-280 
fraction I 
Plasma recaleified 
clotting time of 
1:1 normal and fibrinogen 


patient plasmas 2 min. 2 min. min. 2-4 min. 

Fibrinogen None None 150-350 

mg. % 

Hematocrit 31 % 

Crude fibrinolysin: 
lysis time of 1:1 
normal and pa 15 min. 15-30 30-40 
tient plasmas | min, min. 3 days 

*Time samples were taken. 
tObtained by intracardiac puncture 3 minutes postmortem. 


TABLE IV. More DeratLep LysIN STUDIES 


DATA | 2:30° P.M. 4:10 P.M, 4:25 P.M. | NORMAL VALUES 

Plasmin | Lysis time 24 0.47 pg/ml. 0.49 g/ml. No lysis in 72 
| hours | hours 

Plasminogen 30 1.9 g/ml. 2.3 10-30 

Antiplasmin 3.1 g/ml. 3.5 3.3 } 10-30 
Fibrinolysokinase | Negative | Trace Trace | Negative 


*Time samples were taken. 


Under the cireumstances, the infinite clotting time in the one-stage prothrombin 
test is understandable. However, the failure of alumina-adsorbed normal 
plasma to correet the defect, while unadsorbed normal plasma did correct the 
defect, implies that the patient’s plasma may also have been deficient in  pro- 
thrombin or factor VII or both. The reealeified clotting time of the mixtures 
of normal and patient plasma was normal, indicating no strong inhibitor or 
accelerator activity in the patient’s plasma. 

The extremely high fibrinolytie activity of the patient’s plasma was shown 
by the 15-minute lysis time of equal mixtures of control and patient plasmas. 

The next sample, taken 100 minutes later, presents a generally similar pie- 
ture. The lack of fibrinogen, the infinite clotting time of the one-stage pro- 
thrombin test, and the results with mixtures of patient’s plasma and treated 
normal plasma are striking findings since the patient had received 3 additional 


770 

50 % 

50 % 5% | 100% 

| 
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units of whole blood in the interval, and 3.7 Gm. of fibrinogen (fraction 1). 
The lytie potency of the patient’s plasma was still extraordinarily high—lysing 
the clot of an equal mixture of normal and patient plasmas in 15 to 30 minutes. 

The last sample, taken by eardiae puncture 3 minutes after the patient 
was pronounced dead, was grossly hemolyzed, possibly as a result of cardiac 
massage. Although the relevance of these data may be questionable, it is in- 
teresting that the same extremely high fibrinolytic activity was present. 

DISCUSSION 

Three cases of afibrinogenemia of pregnancy have been studied for defects 
in blood coagulation. The first two cases were examples of abruption of the 
placenta. Serial coagulation studies were consistent with the interpretation of 
intravascular coagulation. The administration of fraction I fibrinogen was 
effective in both eases both by elinieal and by laboratory criteria. Further, 
there was no evidence that further fibrin formation of any significant degree 
occurred inasmuch as approximately theoretical levels of fibrinogen were 
attained in vivo, and the patient’s clinical status was markedly improved. 
Both patients were discharged in good condition. 

The third case was a striking contrast to the first two. In this case of 
criminal abortion, no response was noted either clinically or in laboratory tests, 
despite heroic measures. The fibrinolysin titer was extremely high—the high- 
est that we have encountered. 

It is difficult to avoid the interpretation that the hemorrhagic defect was 


due, at least in part, to rapid in vivo lysis of blood clotting components in both 
the patient’s own blood and the administered whole blood and plasma fraction. 
The mechanism of development of this lytie aetivity is open to speculation.” * '* 
The plasma samples were then frozen in Dry Ice and sent to Roswell Park 
Memorial Hospital for more detailed lysin studies. 


In the first sample of blood obtained from this patient following 
transfusion of 4 units of whole blood, a trace of free plasmin (too little to 
measure quantitatively) was present. The plasminogen level was normal (pos- 
sibly because of the transfusion), but the antiplasmin level was low. No 
fibrinolysokinase (activator) was demonstrable. Possibly there was a high plas- 
min and low plasminogen level before transfusion which was subsequently 
corrected by transfusion; binding of free plasmin by transfused antiplasmin 
may partly explain the low antiplasmin levels. With time passing and in spite 
of additional transfusions of blood and fibrinogen, high levels of free plasmin 
appeared with low levels of plasminogen and antiplasmin. Traces of fibrino- 
lysokinase were demonstrable, too low to quantitate. The low fibrinogen, plas- 
minogen, and antiplasmin levels are in keeping with the high levels of free 
plasmin. Whether the trace activity of fibrinolysokinase is significant or not 
can be debated, 

Clinieally, the faet that fraction I fibrinogen and blood did not meet the 
needs of the situation is significant. It emphasizes the present lack of suitable, 
‘ational therapeutic agents available to the physician. The problem of bleeding 
due to fibrinolysin is not restricted to the practice of obstetrics. It has been 
encountered as well in cardiac,’ '* pulmonary, abdominal,'* and other types of 
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surgery’ metastatic prostatic eareinoma’” '*; and leukemias.’**° Until 
practical antifibrinolytie agents are developed, treatment of these conditions 
must remain empirical and unsatisfactory. 


SUMMARY 


Three cases of afibrinogenemia in pregnancy have been studied for defects 
in blood coagulation. Two patients having abruption of placenta showed 
findings compatible with a process of intravascular coagulation as the under- 
lving mechanism of afibrinogenemia. Both cases responded well to intravenous 
fraction I fibrinogen. The third patient was a case of criminal abortion 
and had an extraordinarily high fibrinolysin titer. Data are presented 
to show that the patient’s fibrinolytic system was the source of the afibrino- 
genemia, The heroie administration of fraction | fibrinogen and whole blood 
did not result in elinical improvement, and the administered proteins were 
rapidly destroyed by the cireulating fibrinolysin. Theoretic and practical as- 
pects of these phenomena are briefly discussed. 
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THE CORONARY AND SYSTEMIC HEMODYNAMIC EFFECTS OF 
SALICYLATE 


G. G. Rowr, M.D., G. M. M.D., M.R.C.P., D. A. EmMANueL, M.D., 
A. M.D., ANp C. W. Crumpton, M.D. 
Mapison, WIs. 


T HAS long been known that body oxygen consumption and carbon dioxide 

liberation are increased by the administration of salicylate.’ However, 
more complete studies of the circulatory effects of this drug were not reported 
until 1955? and 1958*; also, the effect of this drug on myocardial metabolism 
yas not included in the preceding studies. It seemed worthwhile, therefore, 
to repeat observations concerning its general systemic hemodynamic effect 
along with determination of coronary blood flow and myoeardial oxygen me- 
tabolism in the intact animal. 


METHODS 


These studies are reported on 10 intact mongrel dogs varying in weight between 
15 and 35 kilograms. The animals were anesthetized with 3 mg./Kg. of morphine 
intramuscularly followed in 1 hour by 12 mg./Kg. of sodium pentobarbital intra 
venously. The basic experimental procedure was similar to that previously reported 
except that mixed venous blood was collected from the pulmonary artery instead of 
the right ventricle and, in addition to the catheter in the coronary sinus, a third 
cardiac catheter with its tip in the right atrium was used to record central venous pres- 
sure. Approximately 1 hour after the administration of the pentobarbital the cardiae 
output was determined by the Fick principle and was followed immediately by determi 
nation of coronary blood flow by the nitrous oxide saturation method. Pressures were 
measured by Statham strain gauges and recorded on the Sanborn Poly-Viso with means 
determined by electrical integration. Expired air was collected in a Tissot spirometer 
and analyzed with the Scholander apparatus. Blood gas analyses were done by the method 
of Van Slyke and Neill. When the control studies were completed the dogs were given 
100 mg. /Kg. of sodium salieylate diluted to make 20 ml. and administered 1 ml. per min 
ute for a 20-minute period. On completion of the injection of the salieylate a second 
cardiac output was done and this was followed immediately by determination of coronary 
blood flow. 


RESULTS 


Results are summarized in Table I. The cardiac rate increased by 10 
per cent which was significant at the 0.01 level. Although the mean systemic 
arterial blood pressure and total peripheral resistance were unchanged there 
was a consistant and significant increase in pulmonary arterial blood pressure 
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(+17 per cent, p<0.001) accompanied by a significant increase in pulmonary 
vascular resistance (+21 per cent, p<0.02). The right atrial mean pressure 
fell slightly but this was not a significant change and may have been second- 
ary to hyperventilation. Respiratory effects were marked with a 77 per cent 
increase in minute volume of respiration (p<0.001) accompanied by an 87 
per cent inerease in oxygen consumption (p<0.001) and a 90 per cent in- 
crease in carbon dioxide liberation (p<0.001). The increases in oxygen con- 
sumption and carbon dioxide liberation were so similar that the body respira- 
tory quotient remained unchanged. The arterial oxygen content remained 
the same but there was a considerable decrease in pulmonary arterial oxygen 
content resulting in an 83 per cent increase in the arteriovenous oxygen dif- 
ference (p<0.001). The coronary sinus oxygen content also decreased sig- 
nificantly with a 12 per cent increase in the arterial coronary sinus oxygen 


TABLE I 
PER | 
| CENT 
STUDIES MADE CONTROL DRUG | CHANGE CHANGE) S.E.M." | P< 
Cardiac rate per minute 81 + 17 89 + 13 +8 +10 2.55 0.01 
Mean systemic arterial 

pressure (mm. Hg) 12 +17 114 + 18 +2 +2 1.89 0.5 
Mean pulmonary arterial 

pressure (mm. Hg) 14 + 3.7 +2 +17 0.40 0.001 
Minute volume respiration 

(L/min. ) 26 + 0.5 46 + 1.2 +2.0 +77 0.30 0.001 
O, consumption of dog 

(ml./min. ) 102. + 18 191 + 3) +89 +87 7.96 0.001 
CO, liberation of dog 

(ml./min. ) 79)0—C + «(212 149 + 24 +70 +90 5.89 0.001 
A-V O, difference (ml./ 

100 ml.) 40 + 0.4 7a +3.3 +83 0.42 0.001 
Cardiac output (L./min.) 25 + 0.4 27 + 05 +0.2 +8 0.14 0.4 
Total peripheral resistance 

(c.g.8. units) 3,573 + 636 3,532 +718 41 1 183 0.9 
Total pulmonary resistance 

(e.g.8. units) 368 + 99 446 +148 +78 +21 25.61 0.02 
Left ventricular work 

(Kg. M./min.) 3.9 + O98 42+ 1.0 +0.3 +8 0.22 0.3 
Right ventricular work 

(Kg. M./min.) 04 + O01 05 + O11 404 +25 0.03 0.01 
Coronary flow (ml./100 

Gm./min., ) 79 + 6.3 89 + 19.4 +10 +13 6.76 0.2 
Arterial-coronary sinus O, 

difference (ml./100 ml. ) 13.0 + 1.9 145+ 1.3 +15 +12 0.36 0.01 
CMRO, (ml. O, cons./100 

Gm, myocardium/min, ) 10.1 + 28 12.8 + 2.4 +2.7 +27 1.06 0.05 
Index of efficiency 

(LVW/CMRO, ) 040+ 0.09 0.33+ 0.10 0.07 18 0.04 02 


*Standard error of the mean. 


difference (p<0.001). The arterial carbon dioxide remained unchanged, 
whereas the mixed venous carbon dioxide content increased (p<0.05) with 
widening of the mixed venous-arterial carbon dioxide difference (p<0.01). 
There was also an inerease in the coronary sinus-arterial carbon dioxide dif- 
ference (p<O.01). The eardiae respiratory quotient remained unchanged. 
Arterial hemoglobin and hematocrit were unchanged, but the arterial pH 
rose from 7.29 to 7.31 (p<0.02). Cardiae output did not change significantly 


$5 CORONARY AND HEMODYNAMIC EFFECTS OF SALICYLATE 
nor did the stroke volume. Although the left ventricular work inereased 
slightly this is not statistically significant, but the increase in right ventricle 
work was significant (p<0.01). Coronary blood flow increased 13 per cent, 
but this increase was so variable that it was not statistically significant 
(p<0.1). The myocardial oxygen consumption per 100 Gm. of left ventricu- 
lar myocardium per minute however did inerease (+27 per cent, p<0.05). 
Coronary vascular resistance and the eardiae efficiency decreased somewhat, 
but not significantly. 


DISCUSSION 

Although the observation that salicylate produces an increase in the body 
oxygen consumption was reported in 1919,' clarification of the mechanism of 
this increase in oxygen consumption was not reported until 1954. Sproull 
then found an increase in the oxygen consumption of slices of mouse liver 
incubated in the Warburg apparatus with coneentrations of from 3.5 ~ 10° M 
to 2 x 10° M sodium salicylate and pointed out the similarities of salicylate 
effect to those of 2,4-dinitrophenol.’ Smith and Jeffrey,® in 1956 demonstrated 
that there was increased oxygen consumption and glycogen breakdown and 
a decrease in glucose uptike of tissue slices exposed to concentrations of 
10° M salicylate as compared to control tissue slices. In 1956, Brody? showed 
that salicylates in a concentration comparable to toxie levels in the intact 
animal uncoupled oxidative phosphorylation in liver, kidney, and brain 
mitochondrial preparations in a manner qualitatively similar to that produced 
by 2,4-dinitrophenol. Oxygen consumption of mitochondria derived from 
brain was found to be elevated and fatty acid oxidation in rat liver mito- 
chondria was decreased. Liberation of inorganic phosphate from ATP was 
enhanced.” Experiments in which a tension strain gauge is attached directly 
to a dog’s heart wall are reported by Walton and Darby to show a moderate 
prompt increase in myocardial contractibility when salicylates are admin- 
istered. They likened the effect of salicylates to those of 2,4-dinitrophenol 


and hyperpyrexia.’ The preceding series of observations suggest that myo- 
cardial as well as total body oxygen consumption should be increased by the 
administration of salicylate and would imply that myocardial efficiency should 
decrease. This was found in the present in vivo study since myocardial 
oxygen consumption significantly and myocardial efficiency de- 
creased variably (-17.5 per cent), but not statistically significantly (p<0.2). 


Contrary to the findings of Tenney and Miller,’ cardiae output did not 
increase in the present experiments. No ready explanation for this diserep- 
ancy is known but it should be stated that the anesthetic was quite different 
in the two studies. Tenney and Miller used pentobarbital alone (27 mg./Kg. 
initial dose) and gave a continuous intravenous drip of pentobarbital as a 
supplement throughout the experiment whereas in this study morphine and 
pentobarbital were administered each as a single dose and were not supple- 
mented. Pentobarbital anesthesia in the dog tends to cause peripheral vaso- 
dilation, tachyeardia, and a high resting cardiac output; while morphine and 
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Nembutal produce a slower rate with sinus arrhythmia. It is possible that 
these different forms of anesthesia may have influenced the results and ex- 
plain the difference in cardiac output in the two series. The increase in pul- 
monary artery pressure in Tenny and Miller’s experiments was explained 
by increased cardiac output. A similar rise in pulmonary artery pressure 
occurred in our experiments without an increase in cardiac output, but accom- 
panied by an increase in pulmonary vascular resistance. The mechanism for 
this inerease in vascular resistance was not clarified. 

The fact that in the present study the myocardial oxygen consumption 
increased as did the total body oxygen consumption, indicates that the meta- 
bolic stimulatory effeets of salicylate extend to the myocardium in vivo as 
well as to muscle slices in vitro. Although there was an inerease in the ear- 
diae rate after the administration of salicylate this does not explain completely 
the increase in myocardial oxygen consumption since the oxygen consump- 
tion per beat tended to increase after the administration of salicylate rather 
than to remain constant as was found previously when cardiae acceleration 
was produced with an electrical stimulator.® 


SUMMARY 


1. Sodium salicylate intravenously in a dose of 100 mg./Kg. produced in 
10 dogs a considerable inerease in oxygen consumption and carbon dioxide 
liberation, accompanied by a similar widening of the arteriovenous oxygen 
and carbon dioxide difference and no significant change in cardiae output. 

2. The pulmonary arterial pressure increased as did the pulmonary vaseu- 
lar resistance. 

3. Myocardial oxygen consumption per 100 Gm. of left ventricular myo- 
cardium per minute increased significantly, but left ventricular work did not. 
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QUANTITATIVE MEASUREMENT OF GASTROINTESTINAL 
BLOOD LOSS 


II. DETERMINATION OF 24-HourR FErcAL BLoop Loss By A CHEMICAL 
PHOTOSPECTROMETRIC TECHNIQUE 
FRANKLIN G. EsauGu, Jr., M.D., AND WarREN L. BEEKEN, M.D. 
Hanover, N. H. 


With THE TECHNICAL ASSISTANCE OF Patricia M. SNow, SHIRLEY PENNOYER, 
AND CONSTANCE ALLEN 


REVIOUS workers? have described the quantitation of the 24-hour feeal 

blood exeretion by means of the radioisotopes sodium chromate’! and iron’’. 
Although the sodium chromate®' technique is quite accurate and reasonably 
simple to perform, it would not be suitable for large seale routine screening be- 
cause of the time involved for the performance of an individual determination, 
the expense, and the undesirability of administering radioactive materials on a 
routine basis to a large number of patients. For this reason a study was under- 
taken to develop a chemical test for determining quantitatively the normal range 
of 24-hour feeal hemoglobin excretion in human beings. 


METHODS AND MATERIALS 


Homogenization of Feces.—Feces were collected either directly into a paper quart con 
tainer by the patient, or removed from the bedpan into the quart container. The feces 
were placed in a weighed quart-sized blender,* and the weight of the 24-hour stool plus 
blender determined. Then 3 to 4 parts, by weight, of distilled water were added to the 
blender, the exact weight determined, and the feces homogenized for two minutes. The 
qualitative benzidine dihydrochloride-H,O, occult blood test was done on the feces and 
the homogenate. If the qualitative test was negative for occult blood, 10 Gm. of the 
homogenate was added to a weighed 250 Erlenmeyer flask and the exact weight of the 
amount of homogenate determined. Then about 90 ml, of water was added to the flask 
and the weight again determined. This would represent an approximate dilution of 
aqueous solution of feces of 1:40 to 1:50. If the qualitative test was strongly positive, 
then Tt or 2 Gm. of homogenate only was added to the weighed Erlenmeyer flask followed 
by 100 ml. of water. This represented an aqueous fecal suspension of 1:200 to 1:500, 


Quantitative Benzidine Base Technique for 24-Hour Fecal Hemoglobin. —The benzidine 
base test described by Crosby and associates® for quantitating plasma hemoglobin has 


been adapted for use in this study. 


From the Dartmouth Medical School and Hitchcock Clinic, Hanover, N. H. 


Supported by Grant A-1149, National Institute of Arthritis and Metabolic Diseases, Na- 
tional Institutes of Health, Bethesda 14, Md. 


Presented by title before the American Society of Clinical Investigation, June, 1958 
Received for publication Sept. 22, 1958. 
*A Waring Blendor was used throughout, 
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Reagents.—One gram per cent of benzidine solution base was made by dissolving 1 Gm. 
of benzidine base in 90 ml. of glacial acetic acid, plus 10 ml. of distilled water. The reagent 
was kept in a dark serew-top bottle in the refrigerator and was renewed weekly. 

One per cent hydrogen peroxide was made by diluting 30 per cent stock H,O,, 1:30 
with distilled water. Fresh solution was made daily. 

The hemoglobin solution was made as follows: 10 ml. of red cells were washed twice 
with an equal volume of 0.49 Gm, per cent sodium chloride and sufficient saline added to 
make a final concentration of approximately 10 Gm, per cent of hemoglobin. The cells 
were then lysed by freezing and thawing twice in a Dry Ice and alcohol bath; then, 1 ml. 
amounts of the concentrated hemoglobin solution were placed in a series of small tubes 
which were kept frozen; one such tube was thawed for one week of use. On the day of 
the test, the concentration of the hemoglobin solution was determined by the cyanmet- 
hemoglobin technique, The hemoglobin was determined each day tests were run because 
of the slight amount of evaporation which oecurred during a week’s time, causing a pro- 
gressive rise in the concentration of hemoglobin. 

The hemoglobin standard was made up in duplicate by adding 0.02 ml. of the concen- 
trated hemoglobin solution to 10 ml, of saline. If the concentrated hemoglobin solution 
was 10 Gm. per cent this would mean that the hemoglobin standard had a concentration 
of 20 mg. per cent. 

Ten per cent glacial acetic acid was used as a diluent. 

All glassware is given a final wash in dilute nitrie acid, rinsed several times in 
distilled water, and dried by air. The importance of this step can not be overemphasized, 
since its omission will often lead to erratic results. 


Sulfate-free distilled water was obtained from a resin column.* 


Procedure.—One milliliter of benzidine base solution was added to a 15 ml. test tube 
followed by 0.02 ml. of the aqueous feeal suspension, This was followed by 1 ml. of 1 
per cent hydrogen peroxide. The contents were mixed by tapping or swirling the tube. 
After 20 minutes the color change was complete; 10 ml. of 10 per cent acetic acid was 
added and the contents mixed by inversion. Ten minutes later the contents were trans- 
ferred to matched Klett tubes and read in the Klett photometer with the 520 ma filter. 

Duplicate determinations were done on all unknowns. A reagent blank and two 
hemoglobin standards were run in duplicate with each day’s run. 


Sample Calculation.—Fecal weight per 24 hours 80.9 Gm.; feces plus H,O in blender 
200.0 Gm.; 10.10 Gm. of 1:4 fecal homogenate added to Erlenmeyer flask plus 100.15 Gm, of 


H,O for a total weight of 110.25. Average Klett readings were: blank, 18; 25.2 mg. per 
cent hemoglobin standard, 183; and unknown 122. Hemoglobin concentration of unknown 


122 Is 110.25 
183 is 25.2 15.9 mg. per cent; hemoglobin in entire fecal sample = [99> 10.10 
15.9 « 290.9 504 mg. Cireulating hemoglobin of the patient 8.2 Gm. per cent, so 
504 


yyy or 62 ml, of blood was lost per day. 


Preliminary experiments demonstrated that more than 90 per cent of the hemoglobin 
was present in the feeal particles of the feeal homogenate. Attempts to extract the hemo- 
globin from the fecal particles with acid acetone (2 parts to 1 part of 1:4 aqueous fecal 
suspension) resulted in erratic extraction of from 15 to 100 per cent of the hemoglobin in 
the supernatant. Further attempts to explore other agents for extraction were abandoned 
when satisfactory recoveries were obtained by using whole 1:40 to 1:200 aqueous dilution of 
feces. Although some free particles are present, they could not be seen in the test tubes 
after a further 500 fold dilution of the 1:40 to 1:200 aqueous fecal suspension with the 
benzidine, H,O,, and 10 per cent acetic acid reagents, 


Feces were stored at 4 to 6° C. for as long as 3 weeks before testing. The fecal hemo 


globin-benzidine reaction remained constant for one 1:40 aqueous fecal suspension for 39 


*Bantum demineralizer and sterilizer, Barnstead Still Corporation. 


4 
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days at 4 to 6° C, (Values of 35, 36, 37, 30, 32, and 26 mg. per cent of hemoglobin were 
obtained for 18, 29, 39, 48, 65, 84, 85, and 89 days of storage, respectively.) 


Radioactive Chromiums! Determination of the Quantitative 24-Hour Fecal Blood Ex- 
cretion.—This technique has been described in detail in a previous communication.® In brief, 
the technique consisted of removing an aliquot of blood from the subject, tagging it in vitro 
with sodium chromate, and reinjecting the blood back into the donor. The counts per minute 
per milliliter of circulating whole blood during the time of fecal collection as well as the 
total counts per minute which were excreted in a 24-hour fecal sample were then determined. 
The ratio of the total counts per minute in the 24-hour fecal sample and the counts per 
minute per milliliter of circulating whole blood gave the apparent whole blood fecal excretion 
in milliliters. 


S 


60 80 | 
mg % 
Hgb 
Fig. 1.—The relationship between Klett readings and hemoglobin concentration in aqueous 
fecal suspensions. Each symbol represents a different day's run. 
RESULTS 
Influence of Fecal Concentration.—Sufticient hemoglobin was added to 200 
to 500 ml. of 1:4 aqueous fecal homogenate to make the final concentration of 
hemoglobin about 6 mg. per gram. Aliquots of the 1:4 feeal homogenate were 
then further diluted with distilled water to make the final concentration of 
feces and water from 1:36 to 1:200. In Fig. 1 it can be seen the concentration 
of hemoglobin of such fecal samples varied linearly with the Klett readings of 
from 0 to 600. The degree of aqueous dilution of feces between the values 1:36 
to 1:200 did not affect the optical density of the benzidine-hemoglobin solution 


800 | 
700 | 
600 | 
500 | 
400 | 
300 | 
200 
100 


A straight line was obtained for a series of feeal dilutions ranging 
from 1:36 to 1:200 for each experiment. The slope of the line varied from day 
(Fig. 1), therefore, it was necessary to run a hemoglobin standard with 
each day’s determinations, 


CLINICAL 
STATUS 


Normal 


Paraplegic 


Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 


Hand injury 
Mitral stenosis 


Normal 


Spinal fusion 
Emphysema 
Mitral stenosis 
Osteoarthritis 
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FecaL BLoop (MEN) 


COLLECTION | | 
INTERVAL 
( HOURS ) 


24 
48 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
48 
48 
24 


126.0 
86.1 
82.2 

147.3 
81.1 
72.3 

108.9 

205.8 

132.1 

143.6 

128.6 

178.3 

203.3 
69.4 
42.9 
64.3 

132.0 

210.1 
27.1 

200.0 

157.5 

104.4 

237.1 
63.8 
38.0 
72.9 

114.3 
96.3 

233.7 

216.5 
28.4 

111.1 

124.1 
53.8 
56.1 
80.2 
49.9 
93.4 

226.4 

105.9 


2 Of 


1.94 + 1.29 


*Eliminated in calculation of adjusted mean because they were at least 2.0 S.D. greater 


WEIGHT OF 
ENTIRE STOOL 
(GRAMS) 


no 


* 


| 
| BLOOD LOST 
| | PER DAY 
SUBJECT | | AGE (My 
al 11 7.0 
2 19 2.6 
3 20 1.1 
4 20 8.6" 
aS 5 21 2.5 
6 21 0.8 
7 21 8.9* 
; 8 21 3.4 
21 0.3 
10 21 1 
1] 21 1 
12 21 1 
13 21 3 
14 21 4 
15 21 1 
16 22 0 ‘ 
17 22 l 
18 22 1 
20 22 
21 22 
oe 
23 29 24 3.1 
24 22 24 1.1 
; 25 22 24 im | 
26 22 24 2 i 
27 22 24 I 
2s 22 24 
20 22 24 5 : 
30 22 24 
31 22 24 
32 22 24 mit 
33 22 24 1 
34 22 24 : 
35 22 24 0.0 
36 23 24 2.4 
y 37 24 24 1.0 
38 24 24 0.9 
oy 39 26 24 1.3 
40 27 24 3.1 
4) 27 24 144.7 3.0 
es 42 27 24 148.8 1.3 
43 30 24 117.7 
. 44 32 24 97.2 1.7 
15 35 24 62.2 0.7 
46 po 39 24 47.0 0.5 
47 39 24 277.0 3.1 
48 39 24 132.6 1.3 
4 45 24 217.3 2.0 
50 63 24 382.0 2.7 
a 51 66 48 90.1 2.1 
52 73 24 31.2 1.8 
Mean + 2.38 + 
Adjusted mean + 8.D. S| 
than the mean. 
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In Vitro Recovery of Added Hemoglobin.—The feeal hemoglobin was deter- 
mined on a 1:40 aqueous feeal suspension. Then a known amount of hemoglo- 
bin was added to this suspension and the hemoglobin concentration again deter- 
mined. The difference between the two chemical determinations was then com- 
pared with the known amount of hemoglobin added and expressed as per cent 
recovery. In 64 experiments an average recovery of 101 + a standard devia- 
tion (S.D.) of 20 per cent was observed,* with a range of from 73 to 145 per 
cent. 


In Vivo Recovery Experiments.—Twelve normal subjects were fed 80 ml. 
of chromium*'-labeled whole blood, in ACD solution,+ and the stools collected 
for 7 days after drinking the blood. An average of 105 + 10 per cent (89 to 
119) was recovered by the chromium®' technique compared to a recovery of the 
same fecal samples of 106 + 13 per cent (85 to 120) by the benzidine quanti- 
tative technique. In a second experiment in which 11 normal subjects were 
fed 80 ml. of blood, an average of 90 + 7 per cent (76 to 113) was recovered 
in the 7-day stools by the chromium* technique compared to an average recov- 
ery of 111 + 10 per cent (92 to 124) by the benzidine technique. 


Normal Fecal Blood Excretion.—In Table I are listed the age, clinical 
status, weight of feces, and milliliter of whole blood exereted per day in the 
fecal sample for 52 males, and in Table IL for 24 females. None of the pre- 
sumed normal subjects had gastrointestinal x-rays or proctoscopy, but all had 
normal peripheral blood counts and did not present signs or symptoms of ali- 
mentary canal disease. 

It can be seen that the predominant age group studied was between 20 and 
30 years old; most of the male subjects were medieal students or physicians, 
and most of the female subjects were nurses. In cases where more than one 
24-hour fecal collection was made, the first collection only was used in order 
to avoid bias in the statistical study, The feeal whole blood loss was deter- 
mined by dividing the milligrams of hemoglobin in the fecal sample by the 
milligrams of hemoglobin per milliliter of cireulating blood at the time of 
study. In instances where the subject had not passed a fecal sample 24 hours 
before the collection of the fecal sample, the milliliters of blood present in the 


entire fecal sample was divided by the number of days elapsing since passage 
of the preceding fecal sample. 


Among the men there were 3 individuals (Subjects 4, 7, and 28, Table 1) 
who excreted amounts of blood which were more than 20 S.D. greater than 
the mean. Among the normal women studied, Subjects & and 22 (Table IT) 
exceeded the mean by more than 2 S.D. and were eliminated in calculating 
the adjusted mean (Table IL). Normal values for the men and women are re- 
calculated omitting these individuals and are presented as the adjusted means 
in Tables I and I. 


*Hereafter, variance of all means will be expressed as + 1 standard deviation. 
fAcid citrate dextrose solution, NIH formula B, 100 ml per 500 mil, of blood. 
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A significant difference* (p <0.05) existed between the milliliter per day 
of blood excreted by all the men and all the women (Table Il). The men also 
excreted significantly more blood (p <0.02) than the women when the ad- 
justed means are used (Tables | and II). If the adjusted mean for men and 
women of 1.7 ml. of blood for 24 hours is used, then the normal range of fecal 
hemoglobin exeretion based on + 2 S.D. (95 per cent of all normal values) 
would be 0 to 4.2, or based on the mean + 3 8.D. (99.5 per cent of all normal 
values) 0 to 5.4 ml. of blood. 


TaBLe Il. BLoop (WOMEN) 


COLLECTION | 


WEIGHT OF | 


BLOOD LOST 
SUBJECT CLINICAL STATUS AGE | INTERVAL ENTIRE STOOL PER DAY 
( HOURS ) (GRAMS) (ML. ) 
1 Normal 2 24 58.5 0.3 
2 Normal 3 24 45.3 0.8 
3 Normal 4 48 177.0 1.0 
4 Normal 9 24 47.4 0.7 
5 Normal 11 24 62.3 3.6 
6 Normal 17 24 133.0 2.1 
7 Normal 18 24 65.7 0.0 
s Normal 18 24 85.7 4.0* 
9 Normal 18 24 53.6 2.6 
. 10 Normal 18 24 77.7 0.5 
11 Normal 19 24 43.9 2.2 
12 Normal 19 24 127.6 0.8 
13 Normal 19 24 40.5 2.2 
14 Normal 20 24 100.8 1.5 
15 Normal 22 48 114 0.4 
16 Normal 35 24 72.3 1.1 
17 Reactive depression 26 24 31.1 0.3 
18 Normal 36 24 47.5 0.4 
19 Hypertensive 51 24 96.1 0.6 
20 Leg uleer 52 72 813.5 1.7 
21 Leg amputation 60 24 123.1 0.6 
23 Broken hip 65 24 35 39° 
23 Arterioselerotic 73 24 118.6 0.6 
heart disease 

24 Broken hip 74 72 144.4 1.2 

Mean + 8.D. 1.38 + 1.17t 

Adjusted mean + 8.D. 1.14 + 0.90} 

Adjusted mean + 8.D. for men and women 1.69 + 1.24 


*Eliminated in calculation of adjusted mean because they were at least 2.0 S.D. greater 
than the mean. 


tSignificantly smaller than the mean for men (p <0.05). 
tSignificantly smaller than the mean for men (p <0.02). 


Forty-eight additional stool specimens were collected from some of the 
normal men. Serial samples of 4 or more from one individual are summarized 
in Table IIL. On one occasion, 6 men exceeded 5.4 ml. of feeal blood for 24 
hours (Subjeets 1, 4, 7, and 28, Table I; Subject 45, Table II11) plus one dupli- 
cate sample of Subject 18 containing 7.2 ml. of blood. Thus 6 out of 100 feeal 


*Statistical formula”: 


Standard deviation (S.D.) 


Standard error (S.E.) 


S.E. difference of means = VS8.E.° + S.B.2 
‘ X: 


X = mean. 


= 
7 
8.D. 
vn 
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samples or 6 per cent could be considered as false positive results if the as- 
sumption was made that none of these individuals had gastrointestinal bleed- 
ing. An additional 23 multiple samples on the women (Table III, for serial 
samples of 4 or more) were measured giving a total number of fecal specimens 
on 24 women of 47. Two women, Subject 18 (Table III) and a duplicate value 
on Subject 12 (Table I) of 10.8 ml., exceeded 5.4 ml., thus giving a potential 
incidence of false positives of 4 per cent in the women. The dietary history of 
the presumed normal individuals with increased amounts of feeal hemoglobin 
excretion on one occasion were no different from the rest of the subjects in this 
series with respect to ingestion of large amounts of raw red meat or liver. Sub- 
ject 45 (Table IIL) ingested one pound of rare beefsteak on Oct. 15, 1957, with 
no significant increase in the feeal blood exeretion of the next fecal sample 
passed two days later (Table IIT). 


The Relative Sensitivity of the Benzidine Quantitative Test for Detecting 
Hemin and Hemoglobin.—Inasmuch as the structure of the hemoglobin mole- 
cule might be altered by intestinal enzymes and bacteria, the ability of hemin 
alone to react with benzidine base was determined in 14 experiments. Hemin* 
solutions varying in concentrations of from 0.1 to 2.06 mg. per cent and rep- 
resenting the concentration of heme in from 2.6 to 53 mg. per cent solutions of 
hemoglobin (milligram of hemin + 0.0386) resulted in 78 + 9.1 per cent as 
much color development as would be expected from the calculated hemoglobin 
equivalent. 

Effect of Foods and Drugs.—In order to check the possible effect of various 
commonly ingested foods, representative foods shown in Table IV were added 
directly to the blender and homogenized by the addition of 4 parts of water 
and further diluted to 1:40 with water. The results are expressed as milli- 
grams per cent of hemoglobin. Ferrous sulfate, 0.6 Gm., gave a negligible 
hemoglobin equivalent effect (Table IV). Since it is known that the sulfate 
ion inhibits the benzidine base reaction,’ the hemoglobin equivalent of ferric 
chloride, 1.1 Gm., was also measured and found to be 1.1 mg., a value not sig- 
nificantly different from 0.6 Gm. of ferrous sulfate which contains approx- 
imately the same amount of iron. One hundred grams of raw hamburger had 
the equivalent of 399 mg. of hemoglobin, or approximately 2.5 ml. of whole 
blood. Cooking the hamburger reduced the values approximately one half 
(Table IV). Of all the foods studied raw liver caused the greatest color reac- 
tion; methantheline bromide (Banthine) and a mixture of magnesium and 
aluminum hydroxide (Maalox), drugs commonly used in ulcer therapy, had no 
significant effect on the test (Table IV). 

Effect of Oral Iron.—A 63-year-old man with a history of a bleeding duo- 
denal ulcer and confirmatory x-ray findings was admitted to the hospital be- 
cause of epigastric pain, The patient was placed on a bland diet with Maalox 
for one week and then ferrous sulfate, 0.3 Gm. t.i.d., orally because of an 
anemia of 11 Gm. per cent hemoglobin and presumption of blood loss in the 


*Obtained from the Nutritional Biochemical Corporation, Cleveland, Ohio. 
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past. Eighteen consecutive 24-hour fecal collections were made and the pa- 
tient then kept on the same dietary regime without iron for 20 more consecu- 
tive 24-hour feeal samples. The patient’s red cells were tagged with Cr*' and 
the 24-hour fecal blood loss was simultaneously determined by the Cr®" tech- 
nique and the chemical benzidine technique. 


TABLE IIT. MuttipLe Fecal SAMPLES 


j COLLECTION 
FECAL WEIGHT PERIOD WHOLE BLOOD 
SUBJECT AGE AND SEX DATE (GRAMS) ( HOURS ) (ML. ) 
45 35, M 6/10/57 62.2 24 
6/13/57 200.0 
7/24/57 193.1 
7/30/57 81.2 
9/23/57 117.7 
10/ 1/57 117.7 
10/ 3/57 115.7 
10/ 4/57 154.3 
10/ 5/57 198.2 
10/17/57 $24.2 
10/21/57 178.7 
10/22/57 115 
10/23/57 143.8 
155.8 
273.0 
231.2 
133.7 
217 
216.7 


1. 
0 
9 
5 
1. 
0. 
2 
3. 
2. 
1. 
1 
2. 
1. 
3. 
5 


10/10/57 
10/16/57 
10/17/57 


160.6 

59.4 

85.5 
10/ 9/57 80.2 
10/11/57 35.8 
10/15/57 125.1 
10/16/57 176.6 
10/18/57 47.5 
10/21/57 49.0 
10/21/57 50.0 
10/25/57 69.7 
10/27/57 53.6 
11/29/57 63.8 
11/21/57 114 
11/26/57 


— 


| 
| 


NO 


10/19/57 
12/10/57 
12/12/57 
12/16/57 
12/18/57 

1/ 7/58 

1/ 9/58 


40 °7,M 6/21/57 106 24 
7/26/57 104.5 48 
10/ 9/57 101.8 24 
81.0 24 
80.8 24 
84.7 24 
10/19/57 102.8 24 
48 
48 
48 
36 23,M 24 
24 
24 
24 
18 36, F 24 
24 
24 
24 
24 
15 22, F 48 
48 
a 12/ 5/57 83.7 24 
12/ 7/57 155.3 48 
i oF 10/16/57 58.5 24 0 
; 10/17/57 26.4 24 
10/18/57 31 24 0.0 
41 24 0.3 
113.0 24 0.9 
80.8 24 0.7 
163.5 48 0.9 
: 75.6 24 0.2 
125.2 48 1.1 
105.1 24 0.5 
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The mean fecal blood loss as measured by Cr*' and the benzidine techniques 
and the mean daily difference between the two during and after iron therapy 
are summarized in Table V. Iron therapy did not increase the fecal blood loss 
as measured by Cr* but did cause a significant increase in the apparent fecal 
blood loss as measured by benzidine (Table V). The figure labeled ‘* Benzi- 
dine minus Cr*'’’ in Table VI is the mean of the difference between the benzi- 
dine and the Cr! results in each fecal sample. 


TABLE IV. MILLIGRAMS OF HEMOGLOBIN EQUIVALENT OF SOME REPRESENTATIVE Foops 


| HEMOGLOBIN EQUIVALENT 
( MILLIGRAMS ) 


FOOD AMOUNT (GRAMS) 
Egg 47 
Milk 101 
FeSO, 0.6 
FeCl,* 6H,O0 1.1 
Hamburger, raw 100 
Hamburger, cooked 101 
lee cream 98 
Pork, raw 49 
Haddock, raw 40 
Lamb, raw 50 
Liver, raw 100 
Turkey, cooked 89 
Banthine 1 
Maalox 100 


TABLE Errect oF ORAL IRON 


Fe rrous Sulfate (0.9 Gm. per day) , 
Cr51 0.8 + 0.35 ml. blood per day 
Benzidine 3.1 + 1.44 
Benzidine minus Cr5! 2.3 + 1.45 
N= 18 


No Ferrous Sulfate 


Crs51 blood per day 
Benzidine 
Benzidine minus Cr51 


*Statistically significantly less than when patient on iron (p <0.05). 
Statistically significantly less than when patient on iron (p <0.02). 


A normal 21-year-old woman had an average feeal blood loss determined 
by the benzidine technique of 0.78 ml. per day + 0.66 for ten 24-hour feeal 
samples. The subject was then placed on ferrous sulfate 0.3 Gm. t.i.d., and the 
mean of six 24-hour stools was 1.57 + 0.64 ml. per day. The difference of these 
two means is significant (p <0.05). 


Comparison of the Benzidine Technique With the Chromium®! Technique 
in Bleeding Patients.—In Table VI are listed the milliliter of feeal blood per 
day recovered from a patient with hereditary telangiectasia who was losing 
substantial amounts of blood from his gastrointestinal tract. Over a 7-day 
period a total of 213 ml. of blood were recovered by the Cr® technique and a 
total of 247 by the benzidine technique, a value of 16 per cent higher than that 
determined by Cr®’. 


0 
1.5 
1.6 
1.4 
399 
188 - 
43 
134 
31 
255 
612 
53 
20 
4.6 
N 20) 
: 


) AN SE . Lab. & Clin. Med. 
786 EBAUGH AND BEEKEN J Cha ied. 


lay, 


Fifty-seven patients who were suspected of having gastrointestinal bleed- 
ing lesions were studied simultaneously by Cr®' and the benzidine technique 
with at least one 24-hour feeal sample. All were in the normal range of from 
0 to 5.4 ml. of blood per day by the Cr® test. All but 2 of these 57 patients 
were also within normal limits by the benzidine test; the 2 exceptions being 
values of 5.9 and 6.0 per day by the benzidine test compared to 1.4 and 0.4 ml. 
as measured by Cr*'. 


TABLE VI. COMPARISON OF BENZIDINE AND CR5! IN BLEEDING PATIENTS 
MILLILITER OF FECAL BLOOD PER DAY 

Cri | BENZIDINE 
51 
25 
8 
21 
34 
45 
29 
213 


Fecal Blood Quantitation in Randomly Selected Patients With Known 
Gastrointestinal Bleeding Lesions.—Six patients are shown in Table VIL in 
whom random 24-hour stool samples were collected and quantitative fecal 
hemoglobin exeretion determined. 


TaBLe VII 
DIAGNOSIS 

Iron deficiency 

Hereditary telangiectasia 25, 33, 18, 47, 13, 21, 51, 138 

Hereditary telangiectasia 8, 70 

Carcinoma of colon 5, 

Myeloma 

Chronie GI blood loss é 

Duodenal ulcer 


3, 
4, 2 


DISCUSSION 

The average fecal blood loss for men and women in this study is 1.7 ml. 
per day, a figure 31 to 41 per cent higher than the values of Roche and asso- 
ciates? of 1.3 + 0.6 and Ebaugh and co-workers’ of 1.2 + 0.5 ml. of whole blood 
per day measured by the Cr® technique. In the current study simultaneous 
determination of feeal blood loss by Cr*' and benzidine technique resulted in 
fecal blood exeretions 12 to 16 per cent higher as measured by benzidine than 
by Cr®' in bleeding patients and volunteers who drank blood. 

Certain individuals with fecal blood exeretions in the normal range 
showed a persistent elevation by the benzidine technique as compared to the 
(Cr technique, which were as much as 230 per cent greater than the Cr°’. 
However, although the difference is statistically significant and large percent- 
age-wise, it actually amounted to only 1.2 ml. of blood per day (Table V). 
The difference between the Cr*' and benzidine was consistently much less in 


AGE | SEX ‘i 

35 F 

57 M 

70 
68 M 

61 M 

4 M 
83 M 
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feces from patients with increased fecal blood exeretion (16 per cent higher 
Table VI, and 12 per cent in the experiments on patients given oral blood). 
The reason for these differences in fecal blood recovery between the Cr®' and 
benzidine technique was not determined in this study. Actually the difference 
between the two techniques is of little practical consequence as far as using 
the benzidine test as a sereening test, since only 2 out of 56 fecal samples (4 
per cent) found by the Cr®' to be in the normal range were outside the normal 
range when assayed by the quantitative benzidine base technique. 

It would not appear necessary to place the patients on a special diet when 
employing the quantitative benzidine test as a screening procedure for detect- 
ing abnormal gastrointestinal bleeding, since with the exception of raw red 
meat and raw liver other dietary constituents tested in vitro had little effeet 
on the benzidine test. Perhaps the initial dilution of feces, 1:40 with water, 
plays a role in minimizing the reaction of nonhemoglobin feeal constituents 
with benzidine base. 

Oral iron therapy does significantly increase the amount of apparent gas- 
trointestinal blood loss as measured by benzidine by about 1 ml. per day, This 
effect of oral iron cannot be explained by actual increase in loss of blood in 
the feces since the Cr® feeal blood excretion did not increase in the same pa- 
tient while on iron therapy. The implication from the above results, that iron 
may have a direct effect on benzidine, was not borne out by in vitro studies, 
so that the in vivo effeet of iron found in this study remains unexplained. 

The small but significant increase in gastrointestinal blood loss in men, as 
compared to that of women, is of interest. Men lose about 24 ml. more blood 
in the feces per month than do women, Thus, men do not have quite as much 
advantage over women with respect to iron loss as was formerly thought. 
The average menstrual blood loss is about 50 ml. a month or 25 mg. of iron. 
Men lose about 12 mg. more of iron per month in their feces than do women, 
so that the favorable iron balance in men compared to women is closer to 13 
mg. rather than 25 mg. a month according to the data in this study. The 
above discussion is all predicated on the assumption that the benzidine meas- 
ures proportionally the same amount of nonhemoglobin substances in the feces 
in men and women. Since no attempt was made in this study to match the 
men and the women with respect to weight and surface area, the possibility 
that the difference in feeal hemoglobin excretion between the sexes is due to 
the average lower weight and hence smaller gut surface area of the women in 
comparison to the men in the series cannot be excluded. Further study is 
indicated of the fecal hemoglobin excretion in a series of men and women 


matched for weight and surface area since the results in this study could also 
be explained by the known higher instance of peptic ulceration in the men. 


SUMMARY 


1. A simple and reasonably precise chemical method employing the benzi- 
dine base-H.O. reaction for measuring 24-hour fecal hemoglobin excretion has 
been deseribed. 
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2. Forty-nine men were found to shed 1.9 + 1.3 ml. (1 standard deviation) 
of whole blood per day in the feces and 22 women 1.2 + 1.0 ml. per day. Men 
showed a significantly greater excretion of blood in the feces than women 
(p <0.02). 

4. The quantitative benzidine test resulted in a 12 to 41 per cent higher 
apparent fecal blood loss as measured by the quantitative benzidine test. 

4. Oral ferrous sulfate caused a significant increase (about 1 ml.) in ap- 
parent fecal blood loss as measured by the quantitative benzidine test. 
5. All the data in this study was obtained on subjects on ad libitum diets. 


It would appear feasible to employ this test as a screening procedure without 
imposing dietary restrictions. 


We would like to acknowledge the help of the members of the classes of 1956, 1957, 


1958, and 1959 of Dartmouth Medical School who served as volunteer subjects for some of 
these studies, 
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LABORATORY METHODS 


THE DETECTION OF DEFECTS OF FIRST STAGE OF COAGULATION 


GIOVANNI Raccueiia, M.D., Ivan F. Durr, M.D., AND FRANK H. Betuei, M.D. 
ANN Arpor, MICH. 


HE description of the so-called thromboplastin generation test (TGT)' con- 

stituted an important contribution to the understanding of the mechanism 
of the coagulation of blood and especially of the phenomena which precede the 
activation of prothrombin to thrombin. This technique is relatively simple and 
has had large acceptance. However, many question the significance of the 
results obtained with it, maintaining that they are related only partially to 
thromboplastic activity. Besides the difficulties of interpretation, the precision 
and standardization of the thromboplastin generation test are criticized because 
reliance is placed on materials obtained from normal subjects rather than on 
mixtures of purified substances of measurable quantities to which unknowns may 
be added. The study of platelets is especially precarious because of the difficulty 
in their measurement. The purpose of the present paper is to deseribe the 
technique used in our laboratory to perform the thromboplastin generation test 
and its application and interpretation. 


TABLE I 


TERMS USED IN THIS ARTICLE TERMS CONSIDERED AS POSSIBLE SYNONYMS 
Platelet thromboplastic factor or activity Platelet factor 3 
Antihemophilie factor (AHF) Antihemophilie globulin (AHG), thromboplas- 
tinogen, platelet cofactor I, factor VIII 
Plasma thromboplastin component (PTC) Christmas factor, platelet cofactor II, factor 
IX, autoprothrombin IT 
Plasma thromboplastin antecedent (PTA) 
Plasma thromboplastin Thrombokinase 
Tissue thromboplastin Thromboplastin 
Factor V Plasma Ac-globulin, labile factor, proaccelerin 
Stable factors (serum prothrombin conver- Factor VII, proconvertin, Prower factor, co- 
sion factor [SPCA] and Stuart factor) thromboplastin, autoprothrombin 1I* 
*In the light of the present knowledge, it is impossible to ascertain from the literature 
which of these factors are identical with SPCA or with the Stuart factor. Comparative 


studies of these factors have been recently made by Hougie and associates? and Graham and 
co-workers. 


Explanation of Terms.—Table I presents a list of terms used in this paper 
and some of their synonyms. 


From the Simpson Memorial Institute for Medical Research; the Coagulation Laboratory, 
Kresge Medical Research Building; and the Department of Internal Medicine, University of 
Michigan, Ann Arbor. 

This study was assisted by a grant from the Michigan Alumni Fund of the Horace H. 
Rackham School of Graduate Studies and by a grant from the Michigan Heart Association. 
Received for publication July 31, 1958. 
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The following scheme of the succession of reactions which take place during 
the coagulation of blood is presented as a simplified explanation and working 
hypothesis. It is recognized that this is an artificial representation of the 
mechanism of clotting which is, as yet, incompletely understood. 

Ca 

Platelet thromboplastic factor 

Hageman factor 
AHF Plasma thromboplastin 
PTC 

PTA 

(Others ) 

Factor V 


Stable fectore > 
(Others ) 


Prothrombin conversion 
complex (PCC) 


Prothrombin Thrombin 
Fibrinogen 


MATERIALS AND METHODS 


Siliconized glassware was used throughout, and blood was collected by the two-syringe 
method. The anticoagulant solution used was 3.8 per cent (w/v) sodium citrate in a ratio 
of 1 part to 9 parts of blood, 

Normal blood was obtained from blood bank donors and laboratory personnel. 

Human serum was obtained by collecting the blood in tubes containing a few glass 
beads. The material was shaken and then kept in an incubator at 37° C. for one hour. 
A large batch of serum was prepared, tested for its activity of stable factors, divided in 
small aliquots, and stored at —20° C. The serum prothrombin time was also determined by 
the method of Sussman and associates.4 The serum was used only if this test gave values 
above 50 seconds, demonstrating virtual absence of prothrombin, The activity of this material 
did not decrease in storage. It was used in the test system in a dilution of 1 part to 9 
parts of 0.9 Gm, per cent of NaCl. 

Plasma as source of AHF and factor V was collected from a normal donor just before 
the performance of each test. This material was also used as substrate. A donor was 
classified as ‘‘normal’’ following the criteria deseribed under Special Procedures and Results, 
paragraph ec, Sodium citrate 3.8 per cent was again the anticoagulant solution. The blood 
was centrifuged at 3,000 r.p.m, for 20 minutes, and the plasma was collected avoiding the 
resuspension of the buffy coat. The use of a Propipette* was found to be advantageous for 


this purpose, This plasma is platelet-poor and for practical purposes can be considered 
platelet-free, 


PTC, stable factors, and prothrombin were adsorbed from this plasma adding Al(OH), 
(prepared with the method of Bertho and Grassman5) in the proportion of 1 per cent (v/v). 
The mixture was kept in an ineubator at 37° C. for from 3 to 15 minutes, with occasional 
shaking, and then centrifuged at 3,000 r.p.m. for 15 minutes, The prothrombin time of the 
supernatant was determined by the method of Quick® and, if it was greater than 60 seconds, 
the adsorption was considered effective, and the material was used in the test diluted in the 
proportion of 2 parts into 4 of 0.9 Gm, per cent of NaCl. 


The procedures described above, which were employed to obtain normal plasma and 
serum, were also followed in the preparation of these materials from subjects under study. 

If platelet activity was to be determined, the plasma was first centrifuged at 1,500 
r.p.m. for 10 minutes, removed from the bulk of R.B.C, and W.B.C., and then centrifuged at 
3,000 r.p.m, for 20 minutes to obtain sedimentation of platelets. 


*Instrumentation Associates, New York, N. Y. 


| 
4 
i 
T 
“4 
\ ‘ 


Volume 53 DEFECTS OF FIRST STAGE OF COAGULATION 791 
Number 5 


Brain extract with platelet-like activity was prepared by the following method: 600 
Gm. of beef brain was cleaned of membranes and large vessels, minced with a knife, and 
washed twice with 600 ml. of saline solution each time. The drained material was then 
covered with 1,200 ml. of acetone containing 18 mg. of sodium citrate per 100 ml. The 
tissue was ground in a mortar. The acetone was poured off, and another liter of fresh 
acetone was added to the material while the mixture was kept in agitation with a glass rod. 
After 15 minutes, most of the acetone was again poured off, and the solid material trans- 
ferred to a blender and stirred for 15 seconds. Washing with one liter of acetone in a 
mortar was repeated twice, then the brain material was separated on a suction filter. The 
dry substance was washed 5 times with 200 ml. of acetone, using the suction filter after each 
washing to separate the ‘‘cake.’’ Following the final washing, the material was kept under 
suction overnight. A yield of 90 Gm. was obtained and suspended in 900 ml. of chloroform. 
The suspension was shaken for 20 hours in an automatic shaker, filtered, the solid part dis- 
carded, and the chloroform evaporated by means of suction at room temperature. The 
evaporation was continued for 10 days. A thick layer of sticky substance was left at the 
bottom of the Erlenmeyer flask; this was scraped off with a glass rod after adding about 
200 ml. of NaCl solution 0.9 Gm. per cent. This material was transferred to a blender and 
stirred for 3 minutes, then filtered through 4 layers of gauze into a graduated cylinder. 
This method is basically that of Bell and Alton? as outlined by Therriault and Jensen.’ The 
end product is an emulsion, the phases of which cannot be separated by centrifugation at 
3,000 r.p.m. for 30 minutes even if diluted with distilled water 1:5 or more, The concentra- 
tion of the brain material was ascertained by drying a known volume of suspension in a 
desiccator and weighing the residue. The suspension was then diluted with saline so as to 
contain 100 mg. per milliliter. The potency of this brain extract was tested by the method 
described under Special Procedures and Results, paragraph a. This material is stable. It 
was used in the clotting mixture in a concentration of 125 yg per milliliter (1:800 dilution). 
The brain extract can be stored after mixing with calcium chloride and then be ready to 
activate the incubation mixture deseribed below. 

Platelets were collected by differential centrifugation as described above. In order 
to obtain quantitatively comparable concentrations of platelets from different subjects, the 
following method was used. After separating the platelets from 20 ml. of blood, they were 
washed 3 times with 10 ml. of 0.9 Gm. per cent solution of NaCl in Lusteroid tubes, After 
the last washing, the material from each sample was suspended in about 1.5 ml, of saline 
solution and transferred to a MeNaught centrifuge tube.* The volume was adjusted to 
2 mil. by adding saline, For critical determinations the Bauer-Shenck* centrifuge tube was 
used. All the tubes were centrifuged in the same run at 3,000 r.p.m. for 15 minutes. The 
volumes of packed platelets were read and multiplied by 100. The supernatant was poured 
off, and the volume made up with saline to the figure thus obtained. In this way the con 
centration of all the platelet specimens was reduced to 1 per cent (v/v). The platelets were 
resuspended by mixing the sediment with a wire and shaking. From this suspension serial 
dilutions were prepared, and the potency tested as deseribed under Special Procedures and 
Results, paragraph b. If the yield of platelets was too low, enough saline was added to the 
1 per cent dilution to have a suitable quantity of material and to make a concentration of 
0.5 or 0.25 per cent. When plotting the results in such cases, the curve was started at these 
lower concentrations rather than at 1 per cent. 

A M/40 calcium chloride solution was used to activate the clotting systems, 

The steps of the technique are essentially as specified in the original description of the 
thromboplastin generation test,) namely, the following elements are mixed in the order 
specified. 


0.3 ml. of Al(OH) -treated plasma (platelet-free) at 1:5 dilution. 
0.3 ml. of serum at 1:10 dilution. 

0.3 ml. of brain extract or platelet suspension. 

0.3 ml. of M/40 calcium chloride. 


*A. H. Thomas Company, Philadelphia, Pa. 


| 
+. 


792 


RACCUGLIA, DUFF, AND BETHELL 


J. Lab. & Clin. Med. 
May, 1959 


This mixture will be referred to as the incubation mixture (IM). The incubation mixture was 
kept in a water bath at 37° C., and an aliquot of 0.1 ml. of it was added every minute for 
6 successive minutes to aliquots of 0.1 ml. of normal plasma together with 0.1 ml. of calcium 
chloride solution. The time elapsing from the addition of the incubation mixture to the 
substrate and the appearance of the clot was recorded. If no clot was formed in 50 seconds, 
a value of 50 was arbitrarily given to that particular tube. In this way, it is possible to 
start the next determination after one minute, and the entire procedure can be carried on 
using only two stop watches: a hand stop watch is used to record the incubation time and 
a pedal stop watch is used for timing of the clotting of the substrate. 

When serum or plasma of a subject was to be studied for activity of individual com- 
ponents, the corresponding material was substituted for the normal component in the ineuba- 
tion mixture, This basic technique was at times modified as described under Special Proce- 
dures and Results. 

The activity of the ineubation mixture is proportional to the concentration of its 
components. If it is desired to compare the activity of the incubation mixture containing 
patients’ material to the activity of that obtained combining normal elements, the following 
method may be followed, A rack with six 10 by 75 mm. tubes numbered from 2 to 7 is 
placed in a tray, and enough water is added to cover the lower 2 or 3 em. of the tubes. 
Several ice cubes are added to the water. In each tube is placed 0.5 ml. of physiologic salt 
solution. The normal plasma and serum are transferred to a tube marked 1 together with the 
| per cent concentration of platelet suspension (or brain extract) and calcium as specified 
above. This mixture is incubated at 37° C. for 4 minutes; then the tube is placed in the rack 
immersed in the icy water. Without removing the tubes from the water, 0.5 ml. of the 
incubation mixture is transferred from tube 1 to tube 2 containing 0.5 ml. of saline. The 
fluid is aspirated and blown out several times. Then 0.5 ml. of material is transferred from 
tube 2 to tube 3, and so on until tube 7 is reached. Seven tubes containing 0.1 ml. of 
normal citrated plasma are placed in a water bath. One-tenth milliliter of material from 
tube 1 is added to the tube containing substrate. Immediately thereafter, 0.1 ml. of caleium 
chloride is blown into the tube, and the clotting time is recorded. The same procedure is 
followed for each of the dilutions in the rack. If standard materials are used and the 
normal donors screened with the method advised under Special Procedures and Results, the 
curves obtained on different oceasions are very similar. The values observed using patients’ 
materials can then be calculated in percentages by the use of this curve. 


SPECIAL PROCEDURES AND RESULTS 
a. Checking the Potency of the Brain Extract.—Serial dilutions of the brain 
extraet were prepared starting from the original suspension containing 100 mg. 
per milliliter of material. 

The thromboplastie activity of each dilution was ascertained with the fol- 
lowing procedure : 

Three-tenths milliliter of normal, platelet-free, Al(OH),-treated plasma 
at 1:5 dilution, 0.3 ml. of normal serum at 1:10 dilution, and 0.3 ml. of a given 
dilution of brain extraet were mixed in this order and activated by ealeium 
(0.3 ml. The mixture was kept for 4 minutes at 37° C. Then, 0.1 ml. of it 
was transferred to 0.1 ml. of normal substrate together with 0.1 ml. of ealeium 
chloride, and the clotting time was recorded. In one tube, normal saline instead 
of brain extract was added. 

Plotting the individual clotting times in seconds against the various dilu- 
tions of brain extract, a curve is obtained which demonstrates the inhibitory 
action on clotting of the brain extract at high concentrations and its accelerating 
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activity at lower concentrations (Fig. 1). The concentration at which the 
maximum activity was detected was chosen to prepare a large batch of material 
from the emulsion containing 100 mg. per milliliter. This concentration was 
then used regularly in the subsequent tests. In the particular case described 
above, the dilution chosen was 1:800 (125 pg per milliliter). 

This material can be kept in the refrigerator indefinitely. We have used 
the same brain extract for 3 years without changes in activity. 


250 


IN SECONDS 
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DILUTIONS OF BRAIN EXTRACT 


Fig. 1.—Brain extract added (in the amounts noted on the axis) to the incubation 
mixture composed of: (1) platelet free Al(OH)s-treated normal plasma in 1:5 dilution; (2) 
normal serum in 1:10 dilution; (3) M/40 calcium chloride. After 4 minutes of incubation, 
an aliquot of this mixture was added (together with calcium chloride) to normal plasma, 
and the clotting times were recorded (on the ordinates). 


b. Estimation of Thromboplastic Activity of Platelets.—Platelets from 45 
normal donors were separated, measured volumetrically as deseribed under Ma- 
terials and Methods, and their concentration adjusted to 1 per cent in saline 
solution. 

The yield from 20 ml. of normal blood after 3 washings is usually about 
0.05 ml. However, values ranging between 0.005 and 0.1 ml. have been observed. 

From the concentration of 1 per cent serial dilutions up to 1:16 were pre- 
pared. The potency of each strength was then tested in the following manner. 

Three-tenths milliliter of normal, platelet-free, Al(OH),-treated plasma at 
1:5 dilution, 0.3 ml. of normal serum at 1:10 dilution, 0.3 ml. of platelet suspen- 
sion, and 0.3 ml. of M/40 ealeium chloride were mixed in this order; after ineuba- 
tion for 4 minutes, 0.1 ml. of this mixture was transferred to a normal substrate 
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together with 0.1 ml. of calcium chloride and the clotting time recorded. Ini- 
tially, a complete run of 6 tubes at 1-minute intervals was done for each con- 
centration, and the average clotting time calculated as described in the next 
paragraph. However, this average was not significantly different from the 
single figure observed at the fourth minute of incubation; therefore, this value 
only was obtained in order to expedite the performance of the test. 

The incubation of the mixtures may be started at intervals of 2 minutes. 
In this way, there is enough time to determine the activity of each dilution and 
for the preparation of the successive test, thereby shortening the duration of 
the entire procedure. 
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Fig. 2.—Mean values + 2 (-y =a] Jovtainen when serial dilutions of platelets were evalu- 


ated for their thromboplastic activity with the method described in the text. 


Plotting the clotting times against the dilutions, a curve similar to the one 
represented by a continuous line in Fig. 2 is usually obtained if platelets have 
normal thromboplastie activity. In this figure, the eurve was constructed 
utilizing the means of 45 tests caleulated at each concentration. The mean 
values and the standard deviations from the mean of the incubation mixture 
activity at each dilution are given in Table II. The method for ealeulating the 


standard deviation of small samples was used (. \;, n i). The interrupted 


lines include the zone between the 2 standard deviations thus obtained. 
In the study of a given patient the same technique is used, and the results 
are reported in graphic form. The curve was considered abnormal if it lay 
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outside the zone of 2 standard deviations at any point. The procedure cus- 
tomarily employed when the platelet activity is determined by the thrombo- 
plastin generation test, namely, reporting the ‘‘percentage of thromboplastin 
formation during 6 minutes’’ using only one dilution of platelets, was not fol- 
lowed. 

TABLE IT 


DILU TIONS OF THE PLATEL eT ¢ CONC CENTRATES IN SALINE 
(1 PER CENT) 1:2 1:4 1:8 1:16 


13.3 15.4 18.8 


9.95 


2.10 2.72 3.73 54 


Activity of an “ine ubation mixture ‘prepared by mixing the following : 0.3 ml. of normal 
Al(OH )s plasma diluted 1:5; 0.3 ml. of normal serum, diluted 1:10; 0.3 ml. of normal plate- 
lets at the specified cone entrations ; and 0.3 mil. of M/40 calcium aieckie The figures repre- 
sent the mean values of 45 tests and the standard deviations from each mean. 


ce. Plasma and Serum Activity Observed Using Normal Plasma and Sera,— 
The thromboplastin generation test was performed according to the classic 
technique, using material from 100 normal donors. However, the precautions 
deseribed under Materials and Methods were taken, and brain extract was used 
throughout at the concentration of 125 pg per milliliter instead of platelets. As 
stated before, the tests were carried on for a total time of 6 minutes. Usually 
the incubation mixture reached its maximum activity at the second minute of 
incubation. However, the clotting times of the substrate at the first and second 
minutes were disregarded. The clotting times observed at the third, fourth, 
fifth, and sixth minutes were pooled and the arithmetical mean calculated. We 
have named this mean value the prothrombin activation index (PAI). The 
PATI obtained on 100 subjects averaged 9.81 seconds. The standard deviation 
from the mean was + 1.44 seconds. The mode was 9, and the median was 9.1. 

On the basis of these results, a donor was accepted as ‘‘normal’’ only if 
his prothrombin activation index was below the mean plus 1 standard deviation, 
namely, 11.2 seconds. 

The prothrombin activation index was caleulated for more than 250 sub- 
jects suspected of being affeeted by a hemorrhagic condition. The results were 
considered abnormal when the values exceeded the mean plus 2 standard devia- 
tions, namely, 12.7 seconds. In each patient, the prothrombin activation index 
was calculated on the mixture of the patient’s serum and plasma (complete 
PAT), on the patient’s plasma only, mixed with normal serum (plasma PA1), 
and on the patient’s serum only, mixed with normal plasma (serum PAT). 
Platelet studies were not performed routinely. Analysis of the results observed 
in these patients will be the subject of another paper. 

d. Rectification Test—When a defective coagulation factor is to be identi- 
fied, the activity of the patient’s plasma or serum is tested by mixing it with 
corresponding material of previously studied patients who are considered to 
have a known defeet. If, for example, an elevated plasma prothrombin activa- 
tion index is detected and AHF deficiency is suspected, the rectifying activity 
of the patient’s plasma is evaluated by mixing it with the plasma from a known 
hemophilie patient. The specific procedure is described as follows: 


= = j 
Mean (in seconds) 
‘ 1.53 
n-1 ‘ 
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The elements listed below are mixed together, and the activity of the ineuba- 
tion mixture is checked on normal substrate. 

0.3 ml. of hemophilic, platelet-free, Al(OH) ,-treated plasma, diluted 

1:5 with normal saline 

0.3 ml. of normal serum, 1:10 dilution in normal saline 

0.3 ml. of brain extract 

0.1 ml. of 0.9 per cent NaCl solution 

0.3 ml. of caleium chloride, M/40 solution 


Then the test is repeated substituting for the saline solution a dilution 1:20 
of the platelet-free Al(OH),-treated plasma of the patient to be studied. If no 
rectification is observed, the procedure is repeated at lower dilutions of the 
patient’s plasma (1:10 and 1:5). In Fig. 3, a correction of the defect of a 
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Fig. 3.—Correction of defect of hemophilic plasma by normal plasma. The dilutions of 
normal plasma indicated in the figure were added to the incubation mixture formed with 


elements from hemophilie blood. 
hemophilie plasma by normal plasma is shown. Fig. 4 shows the lack of corree- 
tion observed when the plasma from a patient with provisional diagnosis of 
hemophilia was mixed with the known hemophilie plasma. 

The reetifying activity can be expressed in percentage by ealculating the 
activity of the incubation mixture before and after the addition of the unknown 
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Fig. 4.—Lack of correction of defect of hemophilic plasma by plasma of a suspected 


hemophilic patient. The dilutions of the suspected hemophilic patient's plasma indicated in 
the figure were added to the same incubation mixture as in Fig. 
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Fig. 5.—Inhibition of activity of normal plasma by a plasma with anticoagulant activity. 
The dilutions of the abnormal plasma indicated in the figure were added to an incubation 
mixture formed with elements from normal blood. 
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plasma by means of the reference curve described under Materials and Methods 
and in paragraph h of this section. 


e. Detection of Anticoagulants in Circulation —A technique analogous to 
that described above can be used to ascertain if an anticoagulant is present in 
the cireulation. In this ease, normal plasma and normal serum are activated 
by brain extract and calcium, first in the presence of saline solution, then in the 
presence of plasma or serum of the patient, the proportions and procedure being 
the same as those described in the preceding paragraph. The test is positive 
if the addition of the patient’s material reduces the activity of the mixture of 
normal elements. 

Again the results of each test can be expressed in one figure by calculating 
the pereentage of prolongation of the prothrombin activation index of the 
normal mixture before and after the test, as described in the preceding para- 
graph. In Fig. 5, a test showing anticoagulant activity of plasma is presented. 


f. Estimation of the Severity of AHF or PTC Defect.—The detection of an 
abnormally elevated prothrombin activation index not only affords a means of 
indicating the diagnosis but gives as well an approximate estimation of the 
severity of the observed defect. If the normal activity of factors other than 
AHF or PTC which may affeet the serum or plasma prothrombin activation 
index is established, the severity of the defect may be estimated by this index 
as obtained with the technique deseribed. 

If, for example, a plasma PAT is 38, this may mean that there is present 
an AILF defect or a factor V defect. There are other rarer possibilities, but, 
for the sake of simplicity, they will net be considered here. If factor V activity 
is within normal limits, the plasma defect is most probably one of AHF. Factor 
V activity can be determined by one of the standard methods. 

The same reasoning is valid in instances of elevated serum PAT, in which 
case PTC deficiency or Stuart factor deficiency are the most probable causes for 
the observed defect. 

g. The Reversed’? Thromboplastin Generation Test.—An ineubation mix- 
ture can be prepared with normal plasma, normal serum and normal platelets, 
activated by CaCl and aliquots of this incubation mixture can be transferred 
at time intervals to an ‘‘unknown’’ plasma, thus used as substrate. Under these 
cireumstances, the clotting time of the substrate should be a function of certain 
factors which it contains. In other words, in such an experiment, the same 
system used for the determination of the Quick time (‘‘prothrombin time’’)*® 
is employed except that brain thromboplastin is substituted by the activated 
incubation mixture. 

To ascertain which elements are indispensable in the substrate, the follow- 
ing experiments were performed. 


1. A series of 6 tubes containing 0.1 ml. of purified fibrinogen was prepared. A solution 
containing 250 units of partially purified prothrombin* per milliliter was prepared and 
diluted 30 times with saline. Five-tenths milliliter of this solution was placed in a tube. In 
another tube was placed an aliquot of the acacia-imidazole-caleium (AIC) solution used 


*Kindly supplied by Ortho Research Foundation, Raritan, N. J. 
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in the two-stage prothrombin time test.9 The proportions of the various elements were, 
however, acacia 2 parts, imidazole buffer 1 part, caleium chloride 4 parts (instead of 2 
parts), and normal saline 2 parts (instead of 4 parts). In a third tube, nermal plasma, 
normal serum, brain extract, and caleium chloride solution were mixed together as deseribed 
in the preceding paragraphs. At the third minute of incubation 0.5 of the ineubation 
mixture was transferred, together with 0.5 of the AIC solution, to the tube containing the 
partially purified prothrombin. After 30 seconds, 0.10 ml. of this material was transferred 
to one tube containing fibrinogen, and the clotting time was recorded. This procedure was 
repeated every minute for 6 minutes. The shortest clotting time of the fibrinogen solution 
was 11.2 seconds and was observed at the fourth minute. In the conversion table used for 
the calculation of units of thrombin in the two-stage prothrombin time technique, this value 
corresponds to 1.47 units of thrombin. Since the final dilution of the purified prothrombine 
in this system was 1:180, the figure of 1.47 has to be multiplied by 180. The resulting 
figure of 264 represents the calculated units of prothrombin per milliliter which are present 
in the system. This figure is very close to the actual 250 units per milliliter employed, 
This experiment was repeated several times with comparable results. 

2. The experiment was repeated exactly as before with the exception that the incubation 
mixture and the AIC solution were added to saline solution rather than to the purified 
prothrombin. No thrombie activity could be demonstrated. 

3. An aliquot of the incubation mixture at the third minute of incubation was trans- 
ferred directly to an equal volume of 1 per cent fibrinogen. No clot was observed. 

4. Plasma obtained from a previously studied!9 case of congenital factor V deficiency 
(parahemophilia) was used as substrate. The incubation mixture was prepared using normal 
elements. The ‘‘prothrombin time’’ of the parahemophilia plasma was constantly above 
50 seconds, but when the normal incubation mixture was transferred to it, values within 
normal limits were obtained, the prothrombin incubation index being 7.5. When the activity 
of the incubation mixture prepared using this patient’s plasma was tested on normal sub- 
strate, abnormal results were obtained (prothrombin activation index = 42). 


h. Estimation of the Prothrombin Activation Index in Percentage.—It may 
be useful for clinical purposes to report the prothrombin activation index as a 
““pereentage of normal’’ rather than as an isolated figure. In this ease, the 
reference curve constructed with serial dilutions of the incubation mixture as 
described under Material and Methods may be used. 

This curve may also be used for the estimation in pereentage of the AHF 
or PTC activity. 


If the material under study is found to have a value higher than 100 per 
cent, the incubation mixture should be prepared again with the same components 
and incubated for 4 minutes. At this time the tube is placed in iced water, 
dilutions of 1:2 and 1:4 in saline are prepared, and their activities are deter- 
mined on normal substrate. The percentage value thereby obtained may then 
be multiplied by the dilution factor. 


DISCUSSION 
The thromboplastin generation test has proved to be a valuable tool in 
investigating some aspects of the coagulation mechanism in the clinieal labora- 
tory. However, its performance is time consuming, and the results may be 
affected by the use of materials of widely varying activity, yet classified as 
‘‘normal.’’ The preparation of platelets and their use as a source of thrombo- 
plastic material are largely responsible for the protracted duration and lack of 
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precision of this method. The substitution of brain extract for platelets has 
been found useful in reducing the error when, in a given situation, the investiga- 
tion of plasma factors is indicated and the study of platelet activity is not con- 
sidered necessary. The preparation of the brain extract is relatively simple. 
Beeause this substance is active in extremely small amounts and is highly stable, 
one bateh provides enough material for years of use at a constant concentration. 

The optimal concentration of brain extraet may be determined (as described 
in Special Procedures and Results, paragraph a) using essentially the same 
technique as that to be used in future tests. 

When the investigation of the thromboplastie activity of platelets is indi- 
cated, the thromboplastin generation test as described by Biggs and Macfarlane 
is of limited value. The preparation of the platelet suspension as described by 
these authors allows only an extremely vague estimation of platelet activity. 
As stated before, the volumetric determination of platelets contained in yields 
from 20 ml. of blood of normal subjects after 3 washings has been found to vary 
between 0.005 and 0.1 ml. If, as is reeommended,' ** the volume is adjusted 
to one half or one third that of the original volume of plasma, the concentration 
of one specimen may be 20 times that of another; yet both specimens are as- 
sumed to have the same activity. If patients with mild thrombocytopenia are 
studied, the difference between one patient’s platelet preparation and the normal 
may be extreme. For these reasons, it is doubtful if many eases of ‘‘thrombo- 
asthenia’’ or ‘‘thrombopathy’’ diagnosed by this technique can be accepted. 

Uniformity of concentration of platelet suspensions obtained from different 
donors is attempted by a few workers by enumeration and appropriate dilutions. 
This method, however, does not take into consideration (1) the often pronounced 
variations in size of platelets, (2) disruption of the elements which is apprecia- 
ble after 3 washings and leads to the presence of particles of thromboplastie 
material that are either disregarded in the count or considered erroneously as 
single platelets, (3) clumping of platelets which makes the count unreliable, 
and (4) the statistical and technical errors involved in cell counting. 

With the technique deseribed above, a 1 per cent suspension is prepared 
in the same centrifuge tube used for the volumetrie determinations, thereby 
eliminating most of the errors. The 1 per cent strength was chosen because it 
was found to be close to the minimum quantity of platelets which, when mixed 
with normal plasma, normal serum, and caleium chloride solution, enable an 
incubation mixture to cause clotting of the substrate in a time comparable to 
that obtained when brain extract (125 pg per milliliter) is used. The activity 
of platelets at this concentration from different normal donors varies within 
narrow limits. Several dilutions are tested in the case of each patient, should 
a defect appear only when a small quantity of thromboplastie material is used. 
The results are plotted as a curve, the reproducibility of which, when normal 
subjects are studied, is remarkable. 

The reliability of the thromboplastin generation test is also affeeted by the 
use of different subjects as sources of ‘‘normal’’ plasmas and sera. Sinee the 
factors contributed by serum are fairly stable, a large batch of this material was 
prepared at one time from a single donor, divided into small aliquots, and kept 
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at -20° C. until it was to be used. The plasma as a source of factor V and 
AHF must, however, be collected just before the performance of the test; it is, 
therefore, necessary to define what ean be accepted as ‘‘normal.’’ Apparent 
freedom from disease is not a reliable criterion. The activity of plasma is 
affected by many uncontrollable factors, including aspirin, moderate consump- 
tion of aleohol, treatment with antibiotics, and unrecognized liver function im- 
pairment of minor degree. Only by statistical evaluation of samples from a 
large number of donors ean the limits of ‘‘normal’’ be established. In donors, 
free from detectable disease and not taking any medication, the incubation 
mixture reaches its full activity within 2 minutes of incubation and maintains 
it for at least 6 additional minutes. The average activity of the reaction mix- 
ture may be expressed by one figure alone (the PAI). The interpretation of this 
figure is related to the meaning of the thromboplastin generation test itself. To 
what the activity of the incubation mixture is due is still a matter of dispute. 
‘‘Thromboplastin’’ is the name most commonly given to the erude tissue extracts 
which shorten the recalcification time of a plasma which contains factor V, 
stable factors, prothrombin, and fibrinogen in normal amounts. If it is desired 
to use the same term ‘‘thromboplastin’’ to indicate a product of reactions oc- 
eurring physiologically during the process of coagulation, it seems more appro- 
priate to reserve the name for the hypothetical substance which is formed by 
the interaction of platelets, AHF, and the other factors, the activity of which 
may be replaced by tissue extracts. The components of the incubation mixture, 
however, do not react to form a physiologic equivalent of the tissue thrombo- 
plastin, since the activity of the incubation mixture is decreased if factor V 
and Stuart factor are defective. Also, if a factor V deficient plasma is used as 
substrate and an incubation mixture formed by normal elements is transferred 
to it, this plasma will behave as a normal plasma, while with tissue extracts in 
place of the incubation mixture, abnormal results are obtained (see Special 
Procedures and Results, paragraph g). To distinguish this ‘‘physiologie throm- 
boplastin’’ from the end product of the reaction between platelets, Hageman 
factor,’ AHF, PTC, factor V, and Stuart factor, the terms of ‘‘ prothrombin 
conversion complex’’ or ‘‘prothrombinase’”* ** have been used (see Table 1). 
Whether these terms designate a real chemical entity or are merely a useful 
convention when referring to a reproducible phenomenon remains for future 
investigation. ‘*‘Prothrombinase’’ may be nothing else but the ‘‘serum Ae- 
globulin’’ of Seegers.'™ 

The ineubation mixture prepared with normal elements does not clot: pure 
fibrinogen as demonstrated in paragraph g. Traces of thrombin, however, may 
be present in it as revealed by the small clot often observed during incubation. 
The thrombin is probably formed from prothrombin not completely removed 
from the plasma by the Al(OH),. Prothrombin also may be present in large 
amounts in serum. Since serum is used in this test without any chemical treat- 
ment, its prothrombin content will be inversely proportional to the activity of 
the factors involved in the first stage of coagulation. 

Whatever the substances responsible for the incubation mixture activity 
may be, it seems undeniable that this material (incubation mixture) can activate 
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pure prothrombin as Biggs and Macfarlane" have demonstrated and the experi- 
ments presented here confirm (Special Procedures and Results, paragraph g, 
No. 1). It is also clear that the clotting time of the substrate is proportional 
to the potency of the incubation mixture. 

In view of these facts, it seems most probable that the time elapsing between 
the addition of the ineubation mixture to the substrate and the detection of the 
end point of the reaction is proportional to the amount of thrombin acting on 
the fibrinogen of the substrate. This is chiefly a product of the prothrombin 
present in the substrate, activated by the incubation mixture. The prothrombin 
activation index, therefore, indicates the average amount of thrombin acting 
on the fibrinogen of the substrate during a given period. 

The prothrombin activation mixture varies only within narrow limits when 
normal materials are used. The standard deviation of the mean of 1.44 seconds 
demonstrates that the variation of this value in normal subjects are minimal. 
Although the interpretation of abnormal results will be discussed in another 
paper, it may be stated now that the expression of values as the prothrombin 
activation index did not change the diagnostic impression which might be 
derived from the interpretation of an abnormal eurve. 

An advantage of this procedure is that it ean provide an over-all evaluation 
of the potency reached by the ineubation mixture and then an approximate 
estimation of the degree of deficiency of the factor or factors responsible for 
an observed abnormality. The difficulties encountered in the identification of 
the deficient factor or factors when the thromboplastin generation test is used 
are, of course, not overcome with the present modifications. Especially pre- 
carious is the classification of the serum defeets since the thromboplastin genera- 
tion test yields abnormal results with serum of patients having different de- 
ficiencies. In these cases, rectification experiments with plasmas or sera from 
patients with established diagnoses must be employed.?. We prefer not to ex- 
press results as ‘‘ percentage of normal.’’ The expected deviations from the mean 
values of the reference curve make such percentage figures highly unreliable. 
However, such an expression is often employed in coagulation techniques, and 
it may be considered desirable to give to the clinician a figure deseribing the 
approximate degree of an abnormality. In sueh a ease, the ‘‘ percentage of 
normal’’ can be caleulated from the curve constructed as described in Materials 
and Methods and in Special Procedures and Results, paragraph f. The curves 
are valid as long as the same reagents are used, 

The rectification tests and the technique used for the deteetion of anti- 
coagulants in circulation were found to be valuable diagnostic tools. Expres- 
sion of the results of the rectification tests in percentages has limited value, 
due to differences in degrees of deficiencies between various donors of the ab- 
normal material. Such a method ean have useful applications if the same 
donor of the defective plasma or serum is always used. The expression of the 
anticoagulant activity of a specimen in percentage is more reliable since the 
inhibition is exercised on normal material. The ‘reversed thromboplastin 
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generation test’’ can theoretically be used to evaluate the prothrombin concentra- 
tion of a specimen. Some authors'* use this procedure to detect the ‘‘anti- 
thromboplastic’’ activity of a plasma, using it as a substrate to which an ineu- 
bation mixture formed by normal elements is transferred. 


SUMMARY 


Certain modifications of the technique generally known as the thrombo- 
plastin generation test are presented. They involve: 


1. The use of a brain extract as a source of platelet-like activity of 
constant and measurable potency. 
A method for the quantitative evaluation of the thromboplastie 
activity of platelets. 
The interpretation of the results of a single test on a statistical 
basis. 
The application of these modifications to the approximate estimation 


of antihemophilic factor and plasma thromboplastin component 
deficiency. 


The interpretation of this test is discussed. 
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A CAPILLARY TUBE METHOD FOR THE DETERMINATION OF THE 
COAGULASE REACTION 


Lewis J. Grireira, Pa.D., ANp E. M.S. 
Batavia, N. Y. 


ITIL the emergence of increasing numbers of drug-resistant staphylococci 

and the accompanying clinical complications, the need for a more suitable 
method for evaluating virulence has been evident. Since the earliest observa- 
tions of Loeb' that cultures of staphylococci coagulate blood plasma, little refine- 
ment has been made with the coagulase test. Numerous authors*® have inves- 
tigated the correlation between virulence and the coagulase reaction. This test 
has proved to be one of the most useful and meaningful tests of virulence. There 
are at present in general use two methods for the coagulase determination: (1) 
the tube method and (2) the slide method. Both of these methods are acceptable 
and give reproducible results. However, when a great number of determinations 
are required, both of the two previous methods become cumbersome. In addi- 
tion, the amount of materials required for the test is considerable. If dehy- 
drated standardized plasma is used for the test, the cost becomes prohibitive in 
a small laboratory. With this thought in mind, a eapillary tube method has 
been devised which produces the same results as either the tube or slide test and 
can be performed for a small fraction of the previous cost. 


MATERIALS AND METHODS 


In all cases, 18-hour trypticase soy broth cultures were used for the test. Previously 
standardized human plasma obtained from outdated blood from the blood bank was used to 
conduct the tests. Where plasma is not available, a dehydrated standardized plasma can 
be used. Coagulation tubes No. 3467* were employed for the coagulation tests. These tubes 
measure 1 to 14% mm. in diameter and are 7 em. long. These tests are set up in a manner 
similar to the capillary tube precipitation test. About 1 inch of the capillary tube is first 
filled with 18-hour broth culture by touching the surface of the medium with the tube. Under 
this, about 1% inches of plasma is allowed to enter the tube. Easier accessibility of the 
plasma is provided by placing about 1 ml. in a single concavity of a VDRL test plate. The 
capillary tubes containing the broth culture are then placed in contact with the edge of the 
drop of plasma and the plasma is allowed to enter the tube. The tubes are then placed in 
plasticine clay in a vertical position, The clay can be discarded after use to prevent eon- 
tamination. Instead of the water bath incubation, as in the tube method, the capillary 
tubes are placed in a 37° C, incubator for 18 hours. The test is read by observing the 
formation of a clot at the interface of the broth culture and the plasma in the tube. At 
the end of a 3-hour incubation period, a clot about 2 mm. in length forms in the strongly 
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positive coagulase reactors. No clot is evident in the negative reactors. In a few cases, in- 
cubation should be continued 18 hours to obtain more definite clot formation. All staphylococci 
studied in this work were submitted to the Staphylococcus Reference Laboratory conducted 
by the Veterans Administration at Batavia, N. Y. 


TABLE I 


| CAPILLARY TUBE METHOD STANDARD TEST TUBE METHOD 


Number of tests 300 30% 300 
Incubation time 3 hr. 3 hr. 
Positive reaction 263 f 257 
Negative reaction 37 : 43 


RESULTS 
All capillary tube tests were performed in parallel with the standard tube 
method® in which 0.5 ml. of plasma was mixed with 0.5 ml. of broth culture 
followed by water bath incubation at 37° C. for 3 hours. A summary of the 
results obtained with each method is presented in Table L. 


Fig. 1. 


In 6 cases there was disagreement with the parallel tests. However, after 
the 18-hour incubation period had elapsed, the capillary tube results were in 
agreement with the standard tube test. The clot formation in the capillary 
tubes becomes more intense after 18 hours, making readings much clearer and 
easier. 


Fig. 1 illustrates the range of the test and the controls required. Tube A 
is a positive test, Tube B is a weak positive at 3 hours; Tube C is a negative 
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test; and Tubes D and E are negative and positive controls, respectively. Ade- 
quate controls are maintained by storing cultures of known reaction at 4° C. 
DISCUSSION 
The investigation presented here was begun with the idea of developing a 
simple, fast, inexpensive test for determining the virulence of staphylococci. 
In addition, it was thought desirable to have a test which could be performed 
in a hospital with limited facilities as well as in a large municipal hospital. 
The faet that this test requires very small amounts of material makes it further 
adaptable to the smaller laboratories. The cost of materials for the capillary 
method, where standardized blood bank plasma is employed, is only that of the 
capillary tubes. These ean be purchased already made or can be drawn in the 
laboratory. There is no glassware to be cleaned and sterilized after the test 
is conducted, and this saves considerable labor and prevents glassware breakage. 
Comparisons have been made of the time required for a technician to set up 
the tube test and the capillary test. The capillary test requires about one-half 
as much time as the standard tube test. This again results in labor savings. 
Since greater attention is being foeused on the infections due to drug-resistant 
staphylococci, a test which has a high degree of correlation between coagulase 
production and virulence is desirable. In the present study, the correlation 
between coagulase production, phage typeability, and apparent virulence in 
the human host has been over 92 per cent.’ 


SUMMARY 


A capillary tube method for determination of the coagulase reaction of 
staphylococci is described and a comparison of cost and reliability to the other 
standard methods is discussed. 
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CANDIDA ALBICANS: A STUDY OF MEDIA DESIGNED TO PROMOTE 
CHLAMYDOSPORE PRODUCTION 


JosEPH P. KELLY AND FLORENCE FUNIGIELLO 
New RocueE N. Y. 


ANDIDA albicans and other yeastlike organisms may be isolated on nutrient 

agar containing indicators and antibioties.' These media do not indicate 
that the yeastlike organism is Candida albicans and the rapid demonstration of 
chlamydospores to prove identity is desirable. Taschdjian* has described a rice 
medium containing Tween 80 for the rapid production of chlamydospores and 
mentions a personal communication from Rosenthal concerning the use of Tween 
80 in corn meal agar to improve the production of chlamydospores. Hazen* 
comments that the use of bulk corn meal, used by bakers and not enriched, gives 
reliable results. 

This study has been made to evaluate these media for rapid and abundant 
production of chlamydospores. 


MATERIAL AND METHODS 


Eighteen strains of Candida albicans isolated from various clinical materials, two Cryp- 
tococeus strains and on stock strains each of Candida albicans, C. parapsilosis, C. guillier- 
mondi, C. pseudotropicalis, C, stellatoidea, C. krusei, C. tropicalis, Rhodotorula mucilaginosa, 
and Cryptococcus neoformans were used. 


Corn Meal Agar.4A—The materials used were: 


Agar 17.5 Gm. 
Corn Meal (yellow, bulk) 40 Gm. 
Water 1,000 mi. 


Place the corn meal in the water and heat to 60° C, for 1 hour. Filter through paper 
and restore to 1 liter. Add the agar and heat over the flame until the agar dissolves, Dis- 
pense into screw-capped tubes, 20 ml. per tube. Sterilize at 120° C. for 20 minutes, The 
pH was not adjusted. Store in the refrigerator at 10° C. When needed, tubes were melted 
by placing in boiling water and then poured into sterile petri dishes. 


Corn Meal Agar Plus 1 Per Cent Tween 80.—The corn meal agar was prepared as 
above, but 10 ml. of Tween 80 was added to each liter. 


Cream of Rice Agar Plus 1 Per Cent Tween 80.—This was prepared as described by 
Taschdjian.2 
Cream of Rice 10 Gm, 
Agar 10 Gm, 
Tap water 1,000 ml. 
Tween 80 10 ml, 


To the boiling water sprinkle in Cream of Rice. Boil 30 seconds, let stand 30 seconds, 
filter through cotton, and add the Tween 80 and the agar. Dispense into tubes, 20 ml. in 
each, and autoclave. 


From the Department of Bacteriology, New Rochelle Hospital, New Rochelle, N. Y. 
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Nickersons Bacto-Chlamydospore Agar.—The medium was prepared from the dehydrated 
product purchased from Difco, 

The medium in plates were inoculated by the slit method. Permitted to remain at room 
temperature and observed at 16-, 24-, and 48-hour periods, microscopically. The results are 
presented in Table I. 


TasLe I. COMPARISON OF CORN MEAL AGAR WITH AND WITHOUT TWEEN 80, CREAM OF RICE 
Acar With TWEEN 80, AND NICKERSONS CHLAMYDOSPORE AGAR FOR THE PRODUCTION OF 
CHLAMYDOSPORES IN CULTURES OF CANDIDA ALBICANS 


CREAM OF RICE | _ 


CORN MEAL AGAR AGAR CHLAM YDOSPORE 
WITH TWEEN 80 | CORN MEAL AGAR WITH TWEEN 80 AGAR 
STRAIN 16*| 24 | 48 16 | 24 | 48 16 | 24 | 48 16 | 24 | 48 


. albicans 1384 M/C M/C M/C| M/C M/C M/C|M/C M/C M/C/}0/O M/C M/C 
. albicans 1132 M/C M/C M/C M/C M/C|M/C M/C M/C!0/O M/C 
. albicans 958 M/O M/C M/C} M/O M/C M/C|M/O M/C 0/0 0O/O O/O 
. albicans 959 M/C M/C M/C M/C M/C|M/C M/C M/C/|0/0 0/0 
. albicans 43 M/C M/C M/C| M/C M/C M/C|M/C M/C M/C|M/C M/C M/C 
. albicans 2 M/C M/C M/C| M/C M/C M/C|M/C M/C M/C| M/C M/C M/C 
. albicans 7 M/C M/C M/C| M/C M/C M/C|M/C M/C M/C|M/C M/C M/C 
. albicans 3813 M/C M/C M/C| M/C M/C M/C| M/C M/C M/C/|0/O O/O M/C 
. albicans 4316 M/C M/C M/C| M/C M/C M/C| M/C M/C M/C|0/O O/O O/O 
. albicans 3979 M/C M/C M/C| M/C M/C M/C|M/C M/C M/C| M/C M/C M/C 
. albicans 4138 M/C M/C M/C|M/C M/C M/C|M/C M/C 0/0 0/0 O/O 
. albicans 4061 M/C M/C M/C|M/C M/C M/C|M/C M/C M/C} M/O M/C M/C 
. albicans 1121 M/C M/C M/C|M/C M/C M/C|M/C M/C M/C!|0/O M/C M/C 
', albicans 1534 M/C M/C M/C|}M/C M/C M/C|M/C M/C M/C|M/C M/C M/C 
', albicans 1132 M/C M/C M/C|M/C M/C M/C|M/C M/C M/C|M/C M/C M/C 
. albicans 1384 M/C M/C M/C|M/C M/C M/C|M/C M/C M/C| M/O M/C M/C 
. albicans 1385 |M/C M/C M/C|M/C M/C M/C/|M/C M/C M/C|0/O M/C M/C 
. albicans 1831 M/C M/C M/C} M/C M/C M/C| M/C M/C M/C|0/O M/C M/C 
', albicans stock M/C M/C M/C|M/C M/C M/C|M/C M/C M/C|0/O M/C M/C 


A444 444446 24460 F648 06)! 


. parapsilosis M/O M/O M/O} M/O M/O M/O!}0/0 M/O M/O|} M/O M/O M/O 
guilliermondi M/O M/O M/O!}0/0 O/O M/O M/O| 0/0 M/O M/O 
pseudotropicalis |O/O O/O M/O|0/O 0/0 0/0 M/O!} 0/0 M/O M/O 
. krusei M/O M/O M/O|M/O M/O M/O M/O/|0/0 O/O M/O 
', stellatoidea M/O M/O M/O!}M/O M/O M/O|M/O M/O M/O|0/O M/O M/O 
tropicalis M/O M/O M/O;|M/O M/O M/O|}M/O M/O M/O!|0/0 0/O M/O 
Rhodotorula 
mucilaginosa 0/O 0/0 0/0}9/0 0/0 0/0}0/0 0/0 0/0; 0/0 0/0 0/0 
Cryptococcus 
neoformans 0/0 0/0 0/0 0/0 0/0 
Cryptococcus 
species 397 0/0 0/0 0/0 0/0 0/0 0/0 0/0 
Cryptococcus 
species 630 0/O O/O O/0\0/0 O/O 0/0 0/0 0/0 O/O 
*These numbers indicate hours of incubation. 
Key to symbols used in the chart: M/C > mycelium and chlamydospores; M/O = 
mycelium, no chlamydospores ; O/O no mycelia or chlamydospores. 
RESULTS 


All strains of Candida albicans produced chlamydospores in abundance on 
corn meal agar with Tween 80 and Cream of Rice agar with Tween 80. Chlamy- 
dospores were produced on corn meal agar without Tween 80, but not in abun- 
danee. Bacto-Chlamydospore agar was not a reliable medium, and, as men- 
tioned by Tasehdjian,’ the blue color was an impediment when searching for 
chlamydospores. Further, the Bacto-Chlamydospore agar did not produce the 
chlamydospores in abundance after 16 hours at room temperature. Candida 
species and the other yeastlike organisms tested failed to produce chlamydospore 
on all media tested. 
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SUMMARY 


The use of corn meal agar with 1 per cent Tween 80 or Cream of Rice agar 
with 1 per cent Tween 80 gives the best results for rapid and abundant 
chlamydospore production of Candida albicans. 
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DETECTION OF CERTAIN SEROLOGIC IMBALANCES IN HUMAN 
SERA BY AGAR COLUMNS 


Wituiam G. GLENN, Pu.D., Arruur H. Kine, M.D.,* anp 
Iowa W. Marasie, B.A. 
RANbDoLPH Arr Forcr Base, Texas 


REVIEW by Wodehouse’ indicated the wide variety of problems to which 

agar diffusion methods have been applied. Darey*? using a plate gel dif- 
fusion method (Ouchterlony type) showed that the ‘‘precipitin speectra’’ of 
normal and tumor-bearing rats were different. His later investigations® even- 
tually focused upon a fast diffusing glycoprotein of the mucoprotein variety. 
Increases in the concentration of this substance were believed to be associated 
with tissue growth. 

In the Oudin type of agar diffusion column‘ external reactants (antigen) 
are layered on top of an appropriate antiserum-agar mixture (internal re- 
actants) in a thin bore glass tube. The disproportional concentrations and 
symmetries of the antigens cause them to migrate through the antiserum-agar 
at different rates. During this movement, precipitinogens and precipitins com- 
bine to form zones of various widths and densities at one or more levels. As a 
general rule, the external reactant coneentrations govern the zonal diffusion, 
and the amount of antibody with which the antigen combines is reflected in the 
zone densities. The Oudin column was used in this and previous studies. 

Since the reports of Darey previously mentioned were not discovered in the 
foreign literature until this and preliminary studies were completed, the results 
reported here independently confirm his findings and extend such analyses to 
the detection of certain serologie imbalances in human sera. Our previous 
studies,” with 100 normal and 40 abnormal human samples indicated that 
normal sera, when individually diffused into appropriate homologous rabbit 
antiserum, all showed a similar pattern of precipitin zones after 120 hours’ 
reaction time at 24° (. Abnormal sera showed aberrant diffusion patterns plus 
an additional zone. This zone is apparently associated with an increased con- 
centration of a normal serum component(s) similar to mucoprotein or a glyco- 
protein complex.® It has also been possible to rely on certain marker zones in 
the diffusion patterns. These have been established by absorption techniques 
as being associated with beta and gamma globulins and albumin. The relative 
mobilities and densities of these zones together with the 6’ zone (Fig. 1) are 
apparently sensitive criteria for detecting imbalances in human sera. 

This study was concerned with the qualitative and quantitative differences 


between the agar diffusion patterns of 29 assumed normal persons and the 
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patterns of 131 persons hospitalized due to various conditions. An assumed 
normal was a person who stated he felt well, evidenced no obvious external 
symptoms of a pathologic condition, and was actively engaged in his usual 
occupation. An abnormal person was one who was hospitalized and under the 
eare of a medical staff. 


MATERIALS AND METHODS 


Antigens and Antisera.—A pool of assumed normal human sera was used to prepare 
the rabbit antisera. Six rabbits were each given a 1 ml. subcutaneous presensitizing injection 
(approximately 11 mg. nitrogen per milliliters), This was followed 3 weeks later by 4 sub- 
cutaneous injections of 1 ml. given every other day. The antisera were tested 7 days after 
the last injection using the Oudin column method. Animals whose sera showed a good 
pattern and discriminatory possibilities were bled out by cardiac puncture the following day. 

Additional selection of appropriate antisera was made by pooling sera. The pool used 
in this study is designated Anti-Hu. 

The abnormal human sera,* used as external reactants, came from persons who had a 
diagnosed active condition or were convalescent. The samples were from the following 
disease categories: vaseular (22), metabolic (18), psychogenic (2), allergic (3), blood 
dyscrasia (7), malignant (8), skin (6), gastrointestinal (8), collagen (10), liver (12), 
infectious (25), and miscellaneous (10). 


Agar Columns.—Detailed methods for preparing the Oudin type of reaction column 
have been published.4,7 Since the antiserum-agar mixture must be kept at 46° C. for filling 
the columns and since previous work® indicated that this temperature may elicit changes in 
the serum, the antiserum and 0.6 per cent agar (1:1) mixture was made in 5 ml. quantities. 
To minimize dilution errors, however, the filled columns were chosen at random. All re- 
actions were prepared in duplicate and kept at 24° C. for 120 hours. 

The external reactants were also overlaid on normal rabbit serum-agar mixtures. 
Antigens that showed definite precipitation under these conditions were discarded. 


Quantitation of Reactions.—Instrumentation and procedures for the direct photometric 
graphing of agar column reactions by manual? and semiautomatic methods ® “ are published 
elsewhere. 

In this study a recently developed automatic system involving the Serum Agar Scanner 
Instrumentation (SASI)" was used. With SASI, agar columns can be quantitated for both 
zonal diffusion and density with high resolution and the patterns spread out in both width 
and length when the reaction requires. 

For a more precise measurement of the diffusion of the faint 6’ zone (Fig. 1), a 
binocular microscope (20x) fitted with an optical micrometer was used to measure the rela- 
tive diffusion of the leading edge of the 6’ zone compared with the leading edge of the 
albumin or zone 6. 


C-Reactive Protein (CRP).—Reactions between the clinically abnormal human sera and 
commercially obtained antisera to C-reactive protein were done in the prescribed clinical way.” 
Since measuring the precipitates to obtain quantitative answers was considered unreliable,® 
reactions were recorded as positive or negative after 2 hours’ incubation at 37° C. followed 
by 46 hours at 4° C. 


RESULTS 


Results of the agar column analyses were divided into 4 groups: (1) quali- 
tative evidence of a 6’ or glycoprotein zone below the albumin or zone 6 (Fig. 
1); (2) quantitative comparison among sera of the diffusion distances of the 


*Clinically abnormal sera samples were generously supplied by Lackland Air Force 
Hospital, USAF, Lackland Air Force Base, Texas. 
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6’ zone relative to albumin; (3) quantitative comparison of the mean density 
ratio between zones 4 and 6 of each sample; (4) quantitative comparison of 
the mean diffusion distance of zones 4 and 6 of each specimen. 


ZONE | 


| 


Fig. 1.—Serum agar columns (Oudin type) showing principal precipitin zones when 
abnormal human serum is diffused into standardized rabbit antiserum (120 hr.). Zone 4 
is associated with beta and gamma globulins, zones 5 and 6 with albumin; zone 6’ is associ- 
ated with glycoprotein. Human sera samples are (left to right): nephrotic syndrome; 
cirrhosis of liver; myocardial infarction (144 mo. postaccident); cirrhosis of liver. Normal 
sera show a pattern similar to the third column but without the 6’ zone. 


72% 28% 


ASSUMED NORMALS 
(29 SAMPLES) 


CLINICALLY ABNORMAL (131 SAMPLES) 
|10% 1% 53% 


CRP-NEG.,6'NEG. CRP-NEG.,6'POS. 
CRP-POS.,6' NEG. CRP-POS.,6' POS. 


Fig. 2.—Comparison of C-reactive protein test with presence of 6’ zone for human sera 
samples. Assumed normal samples were taken during winter months when subclinical sinusi- 
tis and related infections were prevalent. The 10 per cent in the clinically abnormal group 
that were CRP negative, 6’ negative were from convalescent patients considered in good 
condition. Note that 36 per cent of known abnormals showed serologic imbalances but a 
negative CRP. Additional information can be obtained by relative diffusion and optical 
density ratios of the precipitin zones shown in Fig. 1. 


zone in all samples. indicated 


previously the more rapid diffusion of this zone made it visible below the al- 
bumin or zone 6 and is believed to be due to an inereased concentration of muco- 


Fig. 2 shows the incidence of the 6 


protein. In highly abnormal sera, the 6’ zone was often seen as early as after 
6 hours’ reaction time. Other details coneerning this qualitative analysis are 
included in the legend of Fig. 2. 

Table I shows the quantitative data obtained from measurements of zonal 
diffusion of the 6’ zone, diffusion ratios of zones 6 and 4, and optical density 
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TABLE 1. MEANS AND STANDARD DEVIATIONS* FOR THE QUANTITATIVE ANALYSES OF AGAR 
CoLUMN DIFFUSION PATTERNS RESULTING FROM REACTIONS BETWEEN HUMAN SERA 
ANTIHU MAN RABBIT 


ASSUMED NORMAL CLINIC CALLY ABNORMAL 

NO. OF OPTICAL NO. | OPTICAL 

SAM- ZONAL DIFFUSION DENSITY AM- ZONAL DIFFUSION DENSITY 
CATEGORY | PLES | 6 to to 6’ | 6/4 ratio 6/4 RATIO eS  6to 6 | 6/4 ratio 6/4 RATIO 
CRP-, 6’ 21 i) 1.40+0.06 1.23+0.05 0 1.38+0.05 1.26+0.08 
CRP*, 6’ | 0 0 0 0 0 1.42 1.26 
CRP-, 6’* 1.15+0.40 1.37+0.07 1.23+0.08 7 1.14+0.50 1.36+0.08 .26+0.08 
CRP*, 6’* | 0 0 0 7 2.08+0.90 1.33+0.13 2140.08 


*Significant differences ¢ expressed. “in per cent are » explained in the ‘text. 


ratios of zones 6 and 4. Of all assumed normal samples with 6’ zones (6’+) 
12.5 per cent were beyond the mean + | standard deviation (S. D.) for diffusion 
of the 6’ zone, whereas 44.0 per cent of all clinically abnormal specimens were 
beyond this ‘‘normal’’ range. Using the same ‘‘normal’’ range of diffusion 
for the 6’ zone, 8.7 per cent of the CRP negative (CRP—) and 67.1 per cent 
of the CRP positive (CRP+) abnormal samples were ment the diffusion range. 


OPTICAL DENSITY 30. 


27 


Fig. 3.—Normal and abnormal human-antihuman precipitin zone patterns in agar col- 
umns. These graphs were made with the Serum Agar Scanner Instrumentation (SASI)." 
Pattern A, typical normal pattern; pattern B, serum from a ne re syndrome; pattern C, 
serum from suspected malignancy. Reaction time 120 hours at 24° 


The density and diffusion data for marker zones 4 (beta and gamma 
globulins) and 6 (albumin) were obtained from the graphic diffusion patterns 
similar to those already published" (see also Fig. 3). Considering only the 
ratios of the diffusion distances of these zones (1) 6/4), 17.2 per cent of all 
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assumed normal samples were beyond the mean + 1 S.D., but 29.0 per cent of 
the clinically abnormal samples exceeded this normal range. The largest per- 
centage (41.4) of abnormal samples to exceed the ‘‘normal’’ range was in the 
CRP*, 6 group. Density ratios of zones 4 and 6 were also computed (0.D. 
6/4) for both assumed normal and clinically abnormal samples. In the normal 
group, 24.1 per cent were outside the mean + 1 8.D. with the largest percentage 
(37.5) in the CRP>, 6’* group. With this ‘‘normal’’ range as a guide, 30.5 
per cent of all abnormal samples were outside the limits. The largest per- 
centage (38.5) of abnormal samples that were outside the ‘‘normal’’ O.D. 6/4 
mean + 1 S8.D. was in the CRP’, 6” group. One agammaglobulinemie patient 
and, one patient who was receiving repeated injections of gamma globulin both 
showed altered diffusion and/or density ratios for the albumin and globulin 
zones. 

Except for the assumed normal sera used to establish a base-line pattern, 
all other samples were coded by the physician (R. K.) prior to the laboratory 
analysis. In this way, neither the source nor the condition of the patient was 
known to the analysts. A later comparison of the agar column results indicated 
that in approximately 90 per cent of the samples analysed, the serologic results 
paralleled the physician’s estimate of the stress produced by the illness. 

Eleven coded samples not included in the data were received as assumed 
normals but later serologically classified as abnormal: 91 per cent showed al- 
tered density ratios for albumin and globulin, and 73 per cent had the abnormal 
6’ zone to a mild degree. In this group, 27 per cent were CRP*. Further in- 
vestigation established that these samples were all taken from donors who had 
been recently immunized with influenza and typhoid antigens. 


DISCUSSION 


There are indications that latent conditions which do not show clinical 
evidence of disease or stress may be reflected in altered serum patterns.® This 
might account for the 28 per cent assumed normal samples that were found 
mildly abnormal as indicated by the appearance of a 6’ zone. These sera were 
CRP. 

Later studies with both human and rat sera have emphasized the necessity 
of standardizing the antiserum pattern by the analysis of a sufficient number 
of assumed normals. It appears possible from these recent explorations and the 
reports of Preer and Telfer'* on diffusion rates relative to antiserum viscosity, 
that inereasing the viscosity of the antiserum might prevent the appearance of 
the 6’ zone below the albumin zone for a statistically significant number of 
normal sera. In this manner, laboratory standardization rather than rabbit 
selection could be utilized. It is obvious, of course, that the production of the 
correct antibody spectrum is still subject to rabbit variability. 

It seems plausible from this and other studies that the antigen fraction 
manifested as a 6’ zone is a very sensitive but nonspecifie indicator of internal 
stress. It appears to increase in a variety of conditions, some of which were not 
direetly traceable to obvious pathologie symptoms. This substance, believed to 
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be a mucoprotein, seems to appear in higher concentration before the appearance 
of a measurable amount of C-reactive protein. Although CRP and mucoprotein 
have different physical characteristies, they are both glycoproteins and may 
arise from the same or similar sources within the body. Data reported here 
points to a lower stress threshold for the increased production of mucoprotein 
compared to CRP. 

The possibility of nonspecific protein interaction and competition for anti- 
body(s) by homologous and heterologous antigen(s) in an agar diffusion column, 
indicates the necessity for caution in differentiating between normal and ab- 
normal sera solely by means of the diffusion or density ratios of certain zones. 
Although altered diffusion ratios between albumin and globulin zones of whole 
sera have been noted to parallel the expected results in agammaglobulinemia 
and gamma globulin therapy, too few samples from patients with such condi- 
tions have been examined to rely only on this type of measurement. The cause 
of marked altered density ratios (O.D. 6/4) for albumin and globulin zones 
in sera from recently immunized patients cannot at present be attributed to 
known alterations in A/G ratios or configurational changes within these frae- 
tions. 


SUMMARY 


Diffusion and density patterns of human-antihuman precipitin reactions in 
agar columns may be used to detect certain serologic imbalances between normal 
and abnormal human sera. This method appears more sensitive than the C- 


reactive protein test and provides some information relative to configurational 
and/or concentration changes in several serum components. 
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THE LABELING OF HUMAN FOODS WITH RADIOACTIVE IRON (Fe**) 


James A. EK. HALKet?, M.S., Ropert B. Cuopos, M.D.,* anp 
F. Ross, M.D.** 
Boston, Mass. 


NVESTIGATION of the mechanisms and quantitative aspects of the absorp- 
| tion of iron by the human organism has been greatly aided by the introduc- 
tion of radioactive isotopes of iron. Studies employing inorganic salts of 
radioiron have provided valuable information concerning the absorption of 
inorganie iron eompounds.'"'’ !® Valuable as this information is, however, it 
does not provide information concerning the absorption of iron from foodstuffs 
in which iron is present as a biologie constituent. Since foodstuffs are normally 
the primary physiologic source of iron for man, it is evident that quantitative 
evaluation of this aspeet of iron absorption is of prime importance. Balance 
studies employing chemieal analyses have been utilized to obtain sueh data.’'" 
In addition, the absorption of food iron has been measured after feeding food- 
stuffs that had been labeled biologically with radioactive iron." 

We have incorporated radioactive iron of high specific activity into 
chicken eggs, beet greens, radish greens, swiss chard, algae, yeast, and rabbit 
liver.’” The radioactivity of these labeled foods was sufficiently great to permit 
their use in the evaluation of iron absorption in human subjects. 

It is the purpose of this report to deseribe the methods by which radioactive 
iron may be incorporated biologically into eggs and vegetables for iron absorp- 
tion studies. In the techniques to be deseribed, every attempt was made to 
allow the biologie system to incorporate the iron under normal physiologic 
conditions. 


1. Ttte INCORPORATION Or TRON*®’ INTO CHICKEN 
Methods and Materials. 


Radioactive iron (Fe5%) was procured as ferrie chloride from the Isotopes Branch of 


the Atomic Energy Commission with a specific activity ranging from 1,506 to 1,830 me. per 
gram, 


This was converted to ferric ammonium citrate, and this compound was injected into 
the wing vein of a laying hen. The amounts given varied between 25 to 40 we. No adverse 
reactions oceurred after injection of the iron, and the injected hens continued to lay eggs 
in normal fashion. 

The radioactive eggs were processed in various ways for study. Various components 
shell, white, yolk) were separated and their content of radioiron was determined by direct 
assay in a Geiger Miiller well counter. Radioautographs were made of cross sections of 
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hard-boiled eggs to localize the site of the deposited radioactive iron, Chemical studies were 
carried out to determine the state of combination and affinity of the iron in these com- 
pounds.20 Eggs were hard-boiled or scrambled for patient consumption. 


Observations and Discussion.— 


1. Time radioactivity relationship: Following the injection of radioactive 
iron, all the eggs laid contained radioactive iron in varying quantities. The 
maximum radioactivity usually occurred on the fourth or fifth day after injee- 
tion, followed by a decrease in radioactivity over a period of 22 to 23 days. 
At this time, a second increase in radioactive iron content of the eggs appeared, 
although no second injection was given. This eyelie variation in radioactivity 
occurred in all 6 hens that we injected and was followed to the start of the 
fourth eyele in one bird before a second injection of iron was given. The 
average length of time between succeeding peaks of radioactivity was 26 days. 
The radioiron activity in eggs layed by the same hen over a period of 100 days 
is shown in Fig. 1. This curve shows the activity increase immediately after 
the radioiron injection followed by the second activity increase nearly 24 days 
later. 

Halkett and Peters?’ have shown that this eyelic variation in radioactivity 
of the eggs is related to the life span of the chicken erythrocyte. This life 
span has been shown by others?'-** to range from 20 days with C™ to 28 days 
with P*? and N*® and to 30 days with Cr®’. The radioactive iron incorporated 
in the chicken erythrocyte at the time of injection is liberated at the end of the 
life span of the cells and at that time presumably re-enters the metabolic pool, 
becoming available to the egg-forming organs for incorporation into the develop- 
ing egg volks. Thus, the repeating eyeles have been explained by the assimila- 
tion of radioiron when it becomes available by successive red cell populations, 
with the liberation of iron at the end of their life span. These findings postulate 
successful competition for iron between the forming eggs and the erythropoietic 
system of the hen and raise the interesting question as to which would pre- 
dominate in iron deficiency. 

Although we have not attempted to follow the eyelie variation in radio- 
activity of the eggs further than the beginning of the fourth eyele (72 days), 
we have been able to detect radioactive iron in eggs as long as 10 months 
after the injection of radioiron. 


2. Quantitative recovery of radioiron: Two hens were injected on the same 
day with equal amounts of radioiron. At the end of the second rise in radio- 
activity in the eggs, or 50 days after injection, the total amount of iron found 
in the eggs laid by each hen was 53 per cent of the total iron injected. 

These observations suggest that the iron content of eggs is dependent upon 
the iron provided in the chicken’s diet. As eggs are a common human food and 
since iron is one of the important constituents of this food, it is of considerable 
importance to ensure adequate dietary iron for the chicken. 

3. Distribution of iron in the egg: Actual comparison of a cross section 
of the yolk of a hard-boiled egg with its radioautograph (Fig. 2) has shown 
that the major portion of the radioiron was found to be in the yolk of the egg. 
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Fig. 1..-The curve represents the individual egg activity on the day laid. This hen 
was given 3 injections of radioactive iron. The first injection was given at zero time, the 
other 2 injections are indicated by 2 arrows. Each injection is followed first by an initial 
ege activity peak and then a second egg activity peak starting 22 days after the injections. 


Radioautographs of a cross section of the yolk (left) and of a radioactive beet 
leaf (right). 
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The quantitative distribution of the radioiron among the different components 
of hard-boiled eggs was found by direct measurements of the different portions 
of hard-boiled eggs. The yolk contained 96 per cent radioactive iron, the white 
had 3 per cent, and 1 per cent was found in the shell and membranes. 


u. THE INCORPORATION OF [RON®®? INTO PLANTS 
Methods and Materials.— 


Employing the technique of hydroponics by which plants are grown in a controlled 
nutrient solution, and by substituting radioactive iron (Fe5%) as ferric chloride for the iron 
in the nutrient solution, we have succeeded in producing plant foodstuff containing high 
levels of radioactive iron. The amount of radioiron used was 5 we per plant. Carrier (non 
radioactive) iron, as ferrie chloride, was added so that plants have been exposed to iron 
concentrations varying from 3 to 324 wg. No radiation effects have been noticed over the 
30 days of the incorporation experiment. 

The plant seeds were germinated in a wooden flat containing vermiculite, On the 
appearance of the first leaves the shoots were removed from the flat and the vermiculite 
was washed from their roots with water. The cleaned plants were put into bottles contain 
ing 40 ml. of one-third strength Hoagland nutrient solution which was, however, lacking 
in iron. The plants were held in place in the neck of the bottle by a wad of cotton. The 
space between the cotton wad and the level of the solution allowed about one-half inch of 
the roots to be exposed to air (Fig. 3). Algae growth was prevented by using green bottles 
and placing them in a plaster of Paris mold which kept the amount of light reaching the 
solution at a minimum. 

After 4 days of growth the solution was replaced by a full-strength Hoagland nutrient 
solution (Table I),25 plus a known amount of radioiron5® as ferrie chloride. The pH of 
the solution remained approximately 5 for the entire growth period. Distilled water was 
added to replenish the level of solution. 


TABLE I. THE CHEMICAL CONSTITUENTS AND THEIR CONCENTRATION USED IN THE 
HypROPONIC SOLUTION 


Modified Hoagland-Arnon Solution 


NH,H.PO, 0.0001 M/L. 
Ca( NO,),+-4H,O 0.004 M/k. 
KNO, 0.006 M/L. 
MgSO, - 7H,O 0.002 M/L. 
Micronutrient Supplements 
(1 ml. of mixture used per liter of nutrient solution) 
H,BO, 2.86 Gm./L. 
Mncl, 1.81 Gm./L. 
ZnCl, 0.105 Gm./L. 
CuCl, - 2H,0 0.053 Gm./L. 
Molybdie acid 0.09 Gm./L. 


M molar solution 


At harvest, which varied from 12 to 30 days after addition of iron and was dependent 
on the season, the average plant green exposed originally to 3 yg of iron contained close to 
1 we of activity. Fig. 2-is a radioautograph of one leaf. Tron chlorosis was not observed. 

As only the greens were used in the feeding experiments, the leaves were cut from the 
rest of the plant, washed in water, boiled in a small amount of water, homogenized, and 
then fed to patients or frozen until needed, 


Observations and Discussion. 


Temporal relationships of iron incorporation: Beet plants were divided 
into groups of 10 plants to a group. Each group was identified by the original 
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amount of iron that the roots of each plant were in contact with. No other 
iron was added throughout the experiment. 


The total radioiron content of the plant and the radioiron content of either 
the roots or leaves were measured in vivo without apparent damage to the plant, 
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Fig. 3.—-Illustration of the technique used to grow a radioactive plant in a hydroponic solu- 
tion, Details are found in the text. 
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Fig. 4.—The incorporation of iron into growing roots, leaves, and whole beet plants 
over a period of 28 days. The micrograms of iron in the hydroponic solution at zero time 


are given by the numbers 3, 9, 18, 111, and 148. These numbers also identify the same 
plants in each of the 3 chart headings. 
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using a columnated, lead-shielded Geiger-Miiller tube (Sylvania GG306). The 
average incorporation of iron into the different parts of 10 beet plants is shown 
in Fig. 4 which is deseribed under each of the following sections. 


1. Roots. Fig. 4 shows the relationship between time and the micrograms 
of iron incorporated into the roots for each of 5 groups. Under these experi- 
mental conditions, the roots absorbed more iron in proportion to the greater 
concentration of iron in contact with the roots. Except for the higher concen- 
trations, all groups reached a plateau after the fourth day. This plateau existed 
throughout the next 22 days. 


2. Leaves. The relationship between time and the incorporation of iron 
(in micrograms) into the leaves is shown in Fig. 4. This shows that the greater 
the concentration of iron to which the roots were exposed, the greater the 
amount of iron incorporated in the leaves. In contrast to the roots, the leaves 
did not reach and remain at a plateau except in the group exposed to 3 yg. 


3. Whole plant. Fig. 4 shows the time-iron incorporation relationship for 
the whole plant. These results were obtained as the difference between the 
original iron in solution and the remaining iron in solution. These curves 
indicate that there was a period of rapid absorption by the plant during the 
first 4 days when most of the iron was found in the roots. Thereafter, the leaves 
began to incorporate the iron. These observations serve as a cheek on the aver- 
age leaf and root measurements. The greatest per cent of error between the 
two methods of measurement of total plant iron was 11 per cent. 


TaBLE II. SHOWN IS THE AMOUNT OF HypRoponic IRON THE ROOTS WERE INITIALLY IN 
Contact WITH, THE IRON CONTENT OF THE LEAVES, AND THE PER CENT IRON INCORPORATED 
Arter 25 Days or GrowTH* 

HYDROPONIC 
IRON MICKOGRAMS | PER CENT IRON INCORPORATED 
CONCENTRATION IRON IN LEAVES | IN LEAVES ON 
( MICROGRAMS ) ON DAY 25 
3 0.93 
9 1.98 
18 2.9 
37 6.8 
111 8.5 
148 13.5 


it illustrates, also, “the increase in iron content with increased hydroponic iron con- 
centration and a decrease in efficiency of iron incorporation with increased hydroponic irom 
concentration. 

Per cent of incorporation of iron in the leaves: Table IT shows the amount 
and per cent of iron ineorporated in the leaves for each iron concentration 
originally in contact with the roots. Although a greater quantity of iron was 
found in plant leaves when the plant was in contaet with larger concentrations 
of iron, the greatest per cent of iron was incorporated at smaller concentrations. 


SUMMARY 


1. Techniques have been presented for the incorporation of radioactive iron 
into chicken eggs and vegetable greens. The iron is incorporated into these 
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foods by normal biologie processes and the labeled foods may be utilized to 
evaluate iron absorption in human subjects. 


2. Radioautographs of eggs and direct measurements of the different com- 


ponents of hard-boiled eggs have shown that almost all of the radioiron is con- 
centrated in the yolk. 


3. Measurement of the total activity of individual eggs has shown periodic 
peaks of radioiron incorporation at approximately 26-day intervals. 


4. Radioautographs of vegetable (beet) leaves and direct assay of plant 
components have shown the effective incorporation of iron into the leaves. 


5. Radioactive iron measurements have shown the greater the iron concen- 
tration in contact with the roots, the greater the amount of iron absorbed; 
however, the greatest efficiency of iron absorption was found at the lower con- 
centrations of hydroponic iron. 


We wish to thank Drs. Lutz, Fulton, and Harris of the Department of Biology, Boston 


University, for their cooperation and use of Department facilities during the growth of the 
radioactive vegetables, 
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Errata 


In the article by Harold J. Elliott, B.A., and Wendell H. Hall, M.D., Ph.D., entitled 
“A Comparison of Erythromycin With Oleandomycin in Combination With Other Anti 
bioties Against Hospital Staphylococci,” which appeared in the March issue of the 
JOURNAL, pages 364-375, the headings of the last column in Tables I and II should read 
“over 100” instead of “100.” The second sentence in paragraph 5 of the Summary should 
read “Potentiation of bactericidal activity (replica plating method) was frequent with 
bacitracin and neomycin.” In Table VI the name of the antibiotic “Sigmamyein” is 
misspelled. 

In the article entitled “Abnormal Urinary Amino Acid Patterns in Acute Intermit 
tent Porphyria,” by Sherman M. Mellinkoff, M.D., Richard M. Halpern, M.D., Marjorie 
Frankland, A.B., and Margaret Greipel, A.B., which appeared in the March issue of the 


JOURNAL, pages 358-363, the end of the second line of the legend for Fig. 2 (p. 360) should 


read: “11, methyl” instead of “1, methyl” and the last line of the same legend should be 
“(10)” instead of “(4).” 


THE DETERMINATION OF SEROTONIN (5-HYDROXYTRYPTAMINE) 
IN HUMAN BLOOD 


T. Waackes, Px.D., M.D.* 
BetHespa, Mp. 


EROTONIN (5-hydroxytryptamine) is present in the platelets of human 
blood. The amount of this amine has been estimated by chemical means' 
to be 0.1 to 0.3 y per milliliter of whole blood. Prior to the present work, and 
because of the lack of a sufficiently sensitive chemical method, serotonin has 
been determined by measuring the amount of the amine per platelet, as previ- 
ously deseribed.'| A bio-assay method, using the isolated heart of Venus 
« mercenaria, has also been used. By this method, Green and associates? found 
the range for the whole blood level of serotonin to be 0.03 to 0.14 y per milli- 
liter in a small group of neuropsychiatric patients. 
In the present procedure, the blood proteins are precipitated with zine 
sulfate and sodium hydroxide. One of two methods can be used to purify 
further and to concentrate the serotonin. Finally, the amount of serotonin is 
determined by means of its fluorescence. 


MATERIALS AND METHODS 


Chemicals.—Reagent grade chemicals and solvents were used. 
were made with deionized water. 

(1) ZnS8O,7H,O: 10 per cent. (2) NaOH: 1 .N. (3) Disodium ethylenediaminetet- 
rancetate (EDTA): for anticoagulation, 1 per cent in normal saline; for analysis, a 
saturated solution in water. (4) ‘‘Salt mixture’’: 125 Gm. of anhydrous Na,SO, mixed 
thoroughly with 40 Gm. of Na,PO,12H,O. (5) Ethyl acetate. (6) n-Butanol. (7) n- 
Heptane, prepared by washing commercially available n-heptane with an equal volume 
of 0.0L N NaOH, then 0.01 N HCl, and finally twice with distilled water. (8) Fifty per 
cent ethanol, (9) Serotonin creatinine sulfate for standard solutions. From a 100 y per 
milliliter stock solution in water kept in the refrigerator, a 1 y per milliliter solution was 
prepared each day. (10) Cotton acid suecinate (CAS) and columns: prepared as de- 


All aqueous solutions 


seribed by MelIntire and associates.* Into each small glass column, 100 mg. of CAS was 
packed, The tips of the glass tubes were pointed to permit easy and accurate removal 
of the final drop of water which had passed through the column. The rate of flow of the 
organic solvent was regulated by means of a serew clamp and a rubber tube attached to 
the bottom of each column. The glass tubes were kept in a wooden rack attached to a 
burette stand so that their height could be adjusted as desired. 


All glassware used to hold and to measure the blood before precipitation of the pro- 
teins was siliconized. All other glassware, after being washed, was soaked for 2 hours or 
more in dilute HCl to remove any detergent. This precaution was taken because some 
detergents were found to cause interference in the fluorometric assay. The glassware 
was then thoroughly rinsed with tap water, distilled water, deionized water, and finally 
dried in an oven, 
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The Aminco-Bowman spectrophotofluorometer was used for measurement of fluores- 
cence, and for recording the activation and fluorescence spectra, 


Procedure.—The blood was drawn using 10 per cent by volume of EDTA (1 per cent 
solution) as anticoagulant. For each determination, 12 ml. of deionized water was added 
to 3 ml. of blood in a 30 ml. glass-stoppered shaking tube. The tube was shaken vigorously 
for one minute in order to lyse the cells. The following reagents were then added in 
sequence and mixed by shaking for one minute after the addition of each solution: (1) 3.5 
ml. of 10 per cent ZnSO,, (2) 2.1 ml. of 1 N NaOH, and (3) 1.5 ml. of EDTA (saturated 
solution). The contents of the tube were poured into a plastic centrifuge tube and 
ceatrifuged in the cold at 14,000 r.p.m. for 30 minutes. Yo 18 ml. of the clear supernatant 
solution, in a 75 ml. glass-stoppered shaking tube, was added enough of the ‘‘salt mixture’’ 
(7 Gm.) to saturate the solution.* The resulting pH of the solution was approximately 
12.5, The remainder of the assay was done by one of two methods to be described. 

Method 1: To the solution saturated with the ‘‘salt mixture’’ were added 40 mil. of 
ethyl acetate, and the tube was shaken for 5 minutes. After centrifugation, 38 ml. of the 
ethyl acetate was run by gravity through a CAS column at the rate of approximately 1 ml. 
per minute. After all the ethyl acetate had passed through the column, the rubber tube 
for regulating the flow of solvent was removed, and the CAS was washed by running 
through the column 3 ml, of 50 per cent ethanol followed by 3 ml. of deionized water, The 
last drop of water was carefully removed by touching a clean beaker to the pointed tip 
of the column. A small test tube was placed under the column and the serotonin was 
eluted from the CASt with 0.6 ml. of 5 N HC! followed by 0.4 ml. of deionized water. 
The last drop was carefully removed into the test tube. The fluorescence of the serotonin 
was then measured in the spectrophotofluorometer at 540 my, with the activation wave 
length set at 300 mag. 


Method 2: To the solution saturated with the salt mixture, in a 50 ml. glass-stoppered 
shaking tube, was added 20 ml, of n-butanol. The tube was shaken for 3 minutes and 
centrifuged. The butanol layer increased in volume with water. By means of a pipette, 
a total of 21.5 ml. of the butanol layer was added to 20 ml. of washed n-heptane, and 0.1 
ml. of 2 N HCl in a 50 ml. glass-stoppered shaking tube. After shaking for two minutes, 
the tube was centrifuged. The heptane-butanol layer was carefully and completely re- 
moved by suction. The volume of the acid layer in the tube was 0.9 ml. Exaetly 0.7 ml. 
of this solution was carefully measured and transferred into a small test tube and 0.2 ml. 
of concentrated (12 N) HCl was added. After mixing, the fluorescence of the serotonin 
was determined as before. 

Huplicate samples were used in all cases. Whole blood alone, whole blood plus sero 
tonin, to measure the recovery of the standard, standard serotonin solutions, and a blank 
were run through the entire procedure. 

Although normal plasma does not contain a measurable amount of serotonin, in ex 
periments designed to study the release of this amine, initial work has shown that sero 
tonin could be determined by the above methods. The protein precipitation step using 
ZnSO, and NaOH was eliminated. To 6 or 8 ml. of plasma was added sufficient water or 
n-saline to increase the volume to 19 ml., and then 1.5 ml. of saturated EDTA solution was 
added, The salt mixture, which precipitates the plasma proteins, was added as before, 
and either ethyl acetate or n-butanol was used to extract the serotonin, The remainder 
of the assay was carried out as described above. 


RESULTS 


In Table I are shown the actual readings obtained at the fluorescence peak 
for serotonin. Values are given for whole blood from 4 different patients, for 


*The “salt mixture’ does not have to be weighed accurately; approximately the same 
amount can be added to each tube by means of a small measuring cup. 
+The CAS can be used repeatedly. After each experiment, it is treated by passing 


15 ml. of 0.5 N HCl through the column, followed by 30 ml. of deionized water to remove 
all traces of the acid. 
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serotonin standards, and for whole blood to which the serotonin standard had 
heen added. The recovery of the apparent serotonin in whole blood plus that 
added ranged from 80 to 100 per cent when compared to the total amount 
expected, For plasma, recovery of added serotonin was always close to 100 
per cent. 
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Fig. 1.—Left, Activation spectra for serotonin in (1) 3 ml. of human whole blood. (2) 
3 mil. of blood plus 0.3 y of serotonin, (3) 0.3 4 of serotonin, and (4) blank. Right, Fluores- 
cence spectra for the same samples. 


Fig. 1 shows the activation spectra for the serotonin in whole blood, 
for the same blood to whieh a standard serotonin solution had been added, 
and for the standard solution alone. On the right is shown the corresponding 
fluorescence spectra for the same samples. The curves for the serotonin of 
whole blood and for the authentic serotonin standard are similar. 

Table IL gives the serotonin level per milliliter of whole blood in 21 
patients, 10 of whom were normal, with no evident disease. The range of sero- 
tonin for these 10 individuals was 0.09 to 0.18 y per milliliter of whole blood, 
and the average was 0.13 y per milliliter. Three of the remaining patients 
had been taking reserpine (1 mg. per day) for at least one month before blood 
was drawn for analysis. The extremely low whole blood level was expected 
since reserpine has been shown to release serotonin from human platelets in 
vivo.* 

Blood from one normal patient was assayed every 2 weeks over a 3-month 
period. The level ranged from 0.10 to 0.12 y per milliliter suggesting a nar- 
row range for a normal individual over a period of time. 
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DISCUSSION 
The fluorescence characteristics of serotonin® led to the development of a 


specific and sensitive assay method for this amine in tissues, but the procedure 
was not applicable to blood.° The recently published method for serotonin 


TABLE I. SPECTROPHOTOFLUOROMETER READINGS FOR SEROTONIN IN HUMAN WHOLE BLOOD, IN 
THE SAME BLOOD TO WHICH SEROTONIN HAp BEEN ADDED, AND FOR SEROTONIN STANDARDS 


READING 
PATIENT | SAMPLE | DUPLICATES § | 


PER CENT 
AVERAGE =| SEROTONIN BLOOD 
A 3 ml. blood plus 61 62 a 0.14 
63 
0.3 y serotonin 96 98 80 
100 


3 ml. blood plus 70 70 
70 
0.3 y serotonin 108 
110 


3 ml. blood plus 48 
52 
0.3 y serotonin 100 


104 


3 ml, blood plus 85 
83 
0.3 y serotonin 134 
138 
0.15 y serotonin 28 
32 
0.30 y serotonin 59 60 
61 
Blank 0 0 
*Calculated on the basis of the expected reading, obtained by adding together the 
individual readings for whole blood and the serotonin standard. 
+Corrected for (1) the recovery, and for (2) the 10 per cent dilution by the 


original 
anticoagulant solution. 


TABLE IT, SEROTONIN WHOLE BLOOD LEVELS IN HUMAN BEINGS 


| SEROTONIN 

DIAGNOSIS PATIENT NUMBER (y/ML, OF WHOLE BLOOD) 
0.10 
0.09 
0.18 
0.10 
0.12 
0.18 
0.10 
0.09 
0.14 
0.15 
Rheumatic heart disease 0.12 
0.10 
Constrictive pericarditis 0.15 
Hypertension, essential 0.13 
0.09 
0.14 
0.12 
Hypertension, congestive heart failure, mild 0.09 

diabetes 

Hypertension, reserpine therapy <0.02* 
< 0.02 
21 <0.01 

*The sign < indicates that a reading above the blank was obtained, but no distinct 

fluorescent curve for serotonin. 


Normal adult 


ST wt 


B 0.15 

84 -- 

102 92 
|| 
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and histamine in blood and tissues by Weissbach, Waalkes, and Udenfriend,’ 
although adequate for animal species (rabbit, cat, mouse, rat, and chick) 
where the serotonin level is 1 y per milliliter or greater, lacked sensitivity in 
order to measure the small amount of serotonin in human blood. Malignant 
eareinoid was the only known condition in human beings where this method 
could be utilized for blood serotonin.’ The present procedure has a high 
degree of sensitivity and is adequate for normal human blood. The values 
obtained agree satisfactorily with those previously published using the platelet 
isolation technique.’ 

The amount of ZnSO, was found to be important. If more than that 
specified was used, a decrease was noted in the final reading for standard 
solutions; if less was used, a drop was found in the per cent recovery of the 
serotonin added to blood. The concentrations of ZnSO, and NaOll finally 
employed consistently gave an 80 to 100 per cent recovery of serotonin in 
whole blood. 

Initially, the relative amount of serotonin extraeted into the organic sol- 
vents was found to be low. The possibility that heavy metal ions might be a 
factor was considered, and the chelating agent, EDTA, was tried. With the 
concentration of EDTA as given, the final fluorescence readings for serotonin 
in standard solutions and blood were almost twice the readings for the same 
samples run without EDTA. 

As previously reported,” serotonin can be separated from histamine by 
means of CAS. This ion exchange medium was originally prepared and stud- 
ied for histamine purification by MelIntire and associates.* The same precau- 
tions in its use, in general, must be followed as for other weak carboxylic 
acid resins. However, it has one distinct advantage. As an ion exchange 
medium, it retains the physieal characteristics of cotton. In contrast to other 
resins, there is no necessity for maintaining a fluid level above the CAS. In- 
stead, each liquid can be allowed to run completely through the CAS before 
the next one is added. 

If serotonin and histamine in n-saline solution are extracted into n-butanol 
and the butanol layer passed through the ion exchange column, histamine is 
removed quantitatively by the CAS whereas serotonin remains in the butanol. 
However, if serotonin is extracted in a similar fashion from a water solution, 
the serotonin will also remain on the CAS. Further investigation showed that 
whether serotonin was removed from the butanol depended on the presence 
of chloride ion. Acetate ion appeared to be similar to chloride ion, whereas 
the other anions, sulfate and phosphate, and the cation, sodium, caused no 
problem. When chloride ion was present in the original solution, serotonin 
remained in the butanol; when no chloride ion was present, serotonin was 
removed from the butanol by the CAS. If organic acetate solvents (ethyl or 
amyl acetate) were used instead of n-butanol, and, after extraction, passed 
through the CAS, serotonin was removed quantitatively from the acetates 
and retained on the CAS regardless of the presence of chloride ion in the 
original solution. 

In order to measure serotonin quantitatively by the CAS procedure, the 
final volume, after elution, must be the same from each column. Using 50 
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different CAS columns, 1 ml. of water was run through each column, as in 
the actual procedure. The final volume in each of the 50 collecting tubes was 
measured and compared. The greatest difference in volume of water between 
any 2 tubes was found to be 0.02 ml. This amount of variation would cause an 
insignificant error when measuring human whole blood serotonin. 

Comparing the two means of extraction, Method 1 was found to give 
better fluorescence curves, less light seattering, and a smaller fluorescent 
blank than Method 2. On the other hand, Method 2 is easier to do and ean 
be completed quicker. However, when blood was analyzed for serotonin by 
both procedures the final results differed by 0.02 y per milliliter of whole blood 
or less. 

Serotonin is the only 5-hydroxyindole compound that has been found to 
be present in blood.” The method of extraction and purification would elimi- 
nate most other 5-hydroxyindoles ever found in animal tissues. The range of 
ralues for the serotonin in human blood was found to be 0.09 to 0.18 y per 
milliliter. A greater sampling of patients might give a wider range. There 
was no difference in the value for serotonin in blood from the same patient 
taken before or after meals. In fact, serotonin levels did not change in blood 
drawn from a patient before and at 30- to 60-minute intervals for 3 hours 
after the oral ingestion of 20 mg. of serotonin.* The only known condition at 
present in which serotonin blood levels are higher than this normal range is 
in patients with malignant carcinoid.’ However, the blood from patients 
treated with a monamine oxidase inhibitor, e.g., Marsilid, had a higher level 
for serotonin than the normal range.* The fact that the 3 patients receiving 
reserpine had essentially no serotonin in their peripheral blood lends validity 
to the method. 


SUMMARY 


A sensitive fluorometric method for serotonin assay in human whole blood 
(and plasma) has been described. After precipitation of the blood proteins, 
serotonin is extracted from a basic solution into organie solvents and is puri- 
fied and concentrated by means of an ion exchange medium, cotton acid 
succinate, or by extraction into acid. The values for blood from 21 patients 
are given and discussed. 
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FLUOROMETRIC MEASUREMENT OF RAT PLASMA AND ADRENAL 
CORTICOSTERONE CONCENTRATION 
A Nore on TECHNICAL DETAILS 
Roger M.D., Pu .D., George W. CLAyTon, M.D., Harry S. 


Lirscoms, M.D.,* ano J. DARREL M.D. 
Houston, TEXAs 


EVERAL methods for fluorometric measurement of corticosterone have ap- 
peared recently in the literature.’ These publications have been con- 
cerned mostly with the basic physicochemical considerations necessary to estab- 
lish these methods and show their degree of specificity and sensitivity, ete. 
The purpose of this note is to report the details of the routine utilization of 
one of these techniques* with the minor modifications introduced in its original 
description for the measurement of plasma (2.0 and 0.5 ml. samples) and 
adrenal corticoid concentration in the rat. The technique in the form reported 
here has been used on several thousands of samples of rat plasma and adrenals 
over the past vear and its physiologie validation has been reported elsewhere.’ 
This technique has also been used successfully in this laboratory (W. Deer, to 
be reported) with plasma of other species (turtles, Testudo graeca; fish, Ictalurus 
punctatus; alligators, Alligator mississipiensis) . 


MATERIALS AND METHODS 


Reagents. 


Chloroform (A. R., Eastman Kodak) redistilled from Na,CO,. 
2,2,4-trimethylpentane (isooctane), practical grade. 


Sulfurie acid (A. R., Baker) to make 30 N solution (420 ml. concentrated H,SO, up 
to 500 mil. with glass-distilled water). 


Ethyl aleohol, redistilled from 2,4-dinitrophenylhydrazine, 
Sodium hydroxide, 0.1 N solution. 


Corticosterone-free aleohol, for various stock solutions (see following) in absolute 
ethanol; keep in refrigerator. 


Equipment, 


Fluorometer: Farrand, Model A fluorometer fitted with the filter system deseribed 


by Sweat® for corticosterone, i.c., primary filter, \ — 436 mp; Corning filters 3389 4 5113; 


secondary filter, \ 530 to 545 my, Kodak wratten gelatin Nos. 16-74. 
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Extraction tubes: Glass-stoppered centrifuge tubes, heavy-wall Pyrex (Corning No. 
98660 or similar): 50 ml. for plasma macromethod and adrenals; 15 ml. for plasma seini 
micromethod. Conical centrifuge tubes (12 ml.), heavy-wall Pyrex (Corning No. 8120 or 
similar), and Teflon plastic caps No. 0, for the adrenal glands. 

Stopeock silicone grease may be used without interference. 


Methods.— 


‘A. Plasma, 2.0 ml. sample: 1. Partition and Extraction, An aliquot of 2.0 ml. of 
plasma is placed in a 50 ml, centrifuge tube, shaken for 15 seconds with 6.0 ml. of isooctane. 
The isooctane phase is discarded. Five milliliters of distilled water is added followed by 
15.0 ml. of chloroform. The tubes are shaken for 30 seconds, and centrifuged for 3 min- 
utes (about 2,000 r.p.m.). The aqueous layer is removed by aspiration. 

2. NaOH Washing. One milliliter of NaOH 0.1 N is added, the tubes shaken for 15 
seconds and centrifuged for 3 minutes (about 2,000 r.p.m.). 

3. Extraction in H,SO, Ten milliliters of the chloroform extract (bottom layer) are 
transferred into another 50 ml. glass-stoppered centrifuge tube containing 2.0 ml. of H,S8O, 
30 N. Note time here. The tubes are shaken vigorously for 30 seconds and centrifuged 
at 2,000 r.p.m, for 3 minutes. 

4. Fluorometry. About 1.0 ml. of the acid extract (bottom layer) is transferred into 
fluorometer tubes. Read 30 to 40 minutes from adding H,SO,, the fluorometer being set 
at 8O for 1.5 pg corticosterone standard, 

5. Standard. Three-fourths milliliter of a stock solution containing 2.0 yg corticos 
terone per milliliter in absolute ethanol is placed in a 5°) ml. centrifuge tube and care 
fully evaporated to dryness by a stream of air. Add 2.0 ml, of distilled water and carry 
through the whole procedure as above along with unknowns. 

B. Plasma, 0.5 ml. sample*: The various steps are as in Method A with the following 
changes in tubes, volumes of reagents and standard, 

Five-tenths milliliter of plasma is placed in a 15 ml. Pyrex centrifuge tube. The vol 
ume is brought to 2.0 ml, with distilled water. Add 4.0 ml. isooctane; shake 15 seconds 
and discard isooctane layer. Add 2.0 ml, distilled water followed by 5.0 ml. chloroform. 
Shake for 30 seconds, centrifuge 3 minutes, discard top layer. Add 0.5 ml. NaOH 0.1 N, 
as above. Transfer 4.0 ml. of the chloroform extract to another 15 ml. centrifuge tube 
containing 1.2 ml. H,SO, 30 N. Extraction and fluorometry are as above, the fluorometer 
being set at 40 for a standard of 0.25 wg corticosterone. 


Standard. One milliliter of a stock solution containing 0.25 gg corticosterone per 


milliliter in absolute ethanol is placed in a 10 mil. centrifuge tube and evaporated to dry 


ness. Add 2.0 ml. of distilled water and run through the whole procedure along with un 
knowns. 


C. Rat adrenals: One adrenal gland, trimmed of adherent tissue and weighted care 
fully, is placed in a 12 ml. conical centrifuge tube containing 4.0 ml. saline plus 1.0 ml. 
absolute ethanol and a few grains of sand. The gland is ground with a glass rod. Add 
4.0 ml. isooctane, close with a Teflon plastic cap, shake for 50 seconds, centrifuge for 3 
minutes, and discard the isooctane layer. Transfer 4.0 ml, of the ethanol-saline extract 
to a 50 ml. centrifuge tube fitted with a glass stopper. 

The procedure is then similar to Method A but the fluorometer is set to 700 for stand 
ard, 

Standard. The stock solution is the same as in Method A, iLe., 2.0 pg corticosterone 
free aleohol per milliliter, in absolute ethanol. One milliliter of this solution is added to 
a 12 ml. centrifuge tube containing 4.0 ml, distilled water, This standard is then run 
through the whole procedure along with unknowns. 


*The method has been successfully scaled down to 0.2 ml. plasma. 
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DISCUSSION 
Remarks.—Burettes are used to distribute water, isooctane, saline, ethanol, 
and chloroform. For the transfer of the chloroform the use of a self-retain- 
ing device (Propipette, Instrumentation Associates, New York) has been found 
considerably time saving. 

It has been found convenient to run with each group of analyses only one 
standard but to have a sample of a pool of plasma (kept frozen in 2.0 ml. 
aliquots) of known concentration as determined previously in duplicate or 
quadruplicate in a single experiment. The values for the corticosteroid con- 
centration of these samples of a plasma pool do not vary appreciably for many 
months.’ 

The exact timing for reading the unknowns in the fluorometer® has been 
determined as that time at which the reading of standard (which will drift 
upward from 25 to 40 minutes) will remain stable. The ‘‘pool’’ then shows 
the expected value, usually within 0.1 unit of its previous values. 


Caleulations.—Standard curves are plotted for each of the 3 techniques 
on linear graph paper. The curves are of the type y = a+ bx where a (due 
to the minimal background fluorescence found within the reagents when a 
water blank is run through the procedure) is of the order of + 1.0 for A, 

4.0 for B, and + 1.5 for C. The amount of fluorescent steroids in a sample 
is read from this graph. It is usually expressed as micrograms of corticos- 
terone per 100 ml. of plasma or per gram of adrenal tissue. Basal or rest- 
ing levels of plasma free corticosteroids are from 6.0 to 15.0 ng per 100 ml. 
(mean and standard error; 12.2 + 0.30 for 128 determinations). The method 
for determining plasma corticoids as utilized here detects easily 0.02 pg of 
corticosterone with recoveries from water of 105.0 per cent + 1.2 and from 
plasma of 100.3 per cent + 0.4 at concentrations ranging from 0.1 pg per milli- 
liter to 2.0 ne per milliliter (see ref. 7 for a detailed physiologic evaluation 
of this method). 
SUMMARY 


Technical details are reported for the routine use of a fluorometric method 
to measure adrenal and plasma free corticosteroids of the corticosterone type. 
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CURRENT COMMENTS: 


Important facts concerning “Factor VII contamina- 
tion” and the general reliability of thromboplastin 
preparations have been collected and compiled for 
practical use in your laboratory. Based on experiments 
and extensive testing, this information clarifies many 
misconceptions regarding thromboplastins and _ their 
influence over accuracy in prothrombin time testing. 
For your free copies of the Current Comments series 
write to Laboratory Supply Division Warner-Chilcott, 
Morris Plains, N. J. 

It is the essence of common sense that reagents used 
in vital determinations should give the same answer 
from bottle to bottle, in a single box, on the same 
patient’s specimen. It is amazing that many thrombo- 
plastin products sold to the laboratories do not meet 
this most essential requirement. 

Check the uniformity of your thromboplastin by a 
simple three-vial test. 

Reconstitute three vials of Simplastin and any other 
thromboplastin. Use a plasma from a patient in the 
therapeutic range having a prothrombin activity less 
than 20 per cent of normal (over 30 seconds). Compare 
the results for yourself. Trial Simplastin for this com- 
parison will be sent on your request. 


Simplastin 
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Your sweet Auntie Nell 
inspired many a sonnet 


When she promenaded 
in her ostrich-plumed bonnet 


Quite as old-hat 
ina world that is new 


Isa lab without PROTROL' 
Protrol’s timing is true 


> 
300 West 43rd Street, New York City 
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thrombin time... 
Only Protrol is human 

not a horse-plasma. 
Only Protrol is fresh 

not a synthetic-diagnostic. 
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your prothrombin time determinations. 
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have made surgical relief possible for a large number of 
morbid conditions. This rapidly-developing field is covered 
authoritatively. Monthly, Everywhere, $20.00. 


Representative of every surgical school and clinic in the 
United States and Canada. Presents the papers of the 
Society of University Surgeons and of The Society for 
Vascular Surgery. Features include: Recent Advances in 
Surgery, Appraisal of Progress in Surgical Therapy, Re- 
apprairal, Editorials and Book Reviews. Monthly, Domes- 
tic, “1.5.00; Canada & Pan-America, $15.50; Else- 
where, $16.50. 


THE C.V.MOSBEY COMPANY 


3207 Washington Bivd. 
St. Louis 3, Missouri 


TRANSAMINASE 


SGO—T and SGP—T 


Glutamic Oxaloacetic and Glutamic Pyruvic Transaminase 
according to Cabaud, Wroblewski et al., 


(Journal of Clinical Pathology, 1956) 
with 


LUMETRON Clinical 
PHOTOELECTRIC COLORIMETER 
also 85 determinations including 


Mod. 401-A 


Write for descriptive 
Bulletin No. 406 
also for free copy of 12-page 
Introduction to Clinical 
Photoelectric Colorimetry. 
180-page Reference Book 


available separately, price $8.00. 


PHOTOVOLT Corp. 


Albumin 


Bilirubin 
Blood Volume 
Bromide 
Bromsulphalein 
Calcium 
Carbon Dioxide 
Chloride 
Cholesterol 
Cholesterol Esters 
‘reatine 
Creatinine 
Cyanmethe lobin 
Ethyl Alcoho 
Fibrinogen 
Galactose 
Gamma Globulin 
Globulin 
Glucose 
Hemoglobin 
Hydrogen lon 


Lactic Acid 
Amino Acids Lead 
Amylase Li 


ids 


a 


Phenols 
P.S.P. 


Phosphatase 
Phosphorus 
Potassium 
Protein 
RBC Count 
Salicylates 
Sodium 
Sulfa Comp 
Thiocyanate 
Thymol Turb. 
Urea Nitrogen 
Uric Acid 
Urobilinogen 
Vitamin A 
Vitamin C 
Zinc Sulphate 


95 Madison Ave. a New York 16, N. Y — Index 17-Ketosteroids 
’ ron 


Synopsis of PATHOLOGY 


A condensed presentation of pathology for the 
by busy practitioner who remains a student of medi- 
cine and strives to keep informed on the newer 
details and variations in the patterns of disease. 
Although compact, it is complete, but leaves elabo- 


W. A. D. ANDERSON, Professor 

of Pathology, University of 

Miami School of Medicine; Di- 

rector of Pathology Laboratories, 

Memorial! Hospital, 
iami, Fla. 


rate detail to the larger reference works. Every 
chapter of this edition was carefully brought up 
to date. Changes were made throughout to incor- 
porate the advances in knowledge, modifications 
of opinion, recent references, and improvements 
in presentation. 


4th Ed. 829 pages, 328 illustra- 
e758 12 color plates. PRICE, 


THE C. V. MOSBY COMPANY, 
3207 Washington Blvd., 
St. Louis 3, Missouri. 


Send me Anderson “SYNOPSIS OF PATHOLOG 
( Attached is my check. 


Gentlemen: Y,” 4th Ed. Price, $8.75. 


(J Charge my account. 


May, 1959 
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Improve Your Diagnostic Skills With the Help of 
These New Mosby Books 


New! Gardner 
DIAGNOSTIC ANATOMY 


Correlates Anatomy With Clinical Diagnosis 


... particularly valuable for those practitioners who come in contact with the anatomic struc- 
ture of the body less frequently than surgeons.”—Journal of the American Medical Association 


Condensing the subject for clinical application, DIAGNOSTIC ANATOMY presents in en- 
tirely new approach to regional, gross and topographic anatomy. This book helps you re- 
acquaint yourself with the morphologic features of the human body by correlating anatomy 
with the techniques, sequence and problems you face in performing a physical examination. 
It helps you answer such questions as “What are the external manifestations of aging?” or 
“What are current viewpoints concerning the position of the inferior border of the heart?”. 
Written for the non-surgeon from the viewpoint of internal medicine and employing the 
terminology you use every day, this book focuses attention on anatomical structures, portions 
of the body wall, or even regions of the body, which act as barriers to diagnosis. Dr. Gardner 
shows you how many of these barriers can be utilized as useful diagnostic tools. 


By WESTON D. GARDNER, M.D., Associate Professor of Anatomy, Marquette University School of Medicine; 
Director of Medical Education, Evangelical Deaconess Hospital, Milwaukee, Wisconsin. New, 1958, 376 pages, 
634" x 934", 20 illustrations. Price, $10.00. 


Just Published! Prior-Silberstein 
PHYSICAL DIAGNOSIS 


A Realistic Approach to History-Taking and Examination 


As you know, superior performance in any professional skill is directly dependent on the knowl- 
edge and application of the basic fundamentals. While the basic fundamentals do not change, 
you can gain new insight into their interpretation and application by reviewing that will help 
you maintain a high level of skill and stimuate greater efficiency. The new Mosby book 
PHYSICAL DIAGNOSIS is a stimulating and enlightening presentation of the basic tools 
of your profession—history-taking and examination procedures. This book stresses such often 
neglected aspects of diagnosis as the importance of establishing rapport in the doctor-patient 
relationship, methods of eliciting information from the patient and the removal of obstacles 
to proper diagnosis. Eight authorities in ophthalmology, otolaryngology, pediatrics, gastro- 
enterology, obstetrics and gynecology, neurology, surgery and orthopedics have contributed 
chapters on their specialties. They point out the most efficient procedures and warn you of 
pitfalls to avoid. You will find the chapter on the history and examination of the infant and 
child particularly worthwhile. 

By JOHN A. PRIOR, M.D., Professor of Medicine, Ohio State University College of Medicine, Columbus, Ohio; 
and JACK §S. SILBERSTEIN, M.D., Clinical Associate Professor of Medicine, Ohio State University College of 
Medicine, Columbus, Ohio. Just Published. 1959, 388 pages, 634° x 934", 193 illustrations. Price, $7.50. 


Use This Convenient Coupon to Order on 10 Day Approval 


The C. V. Mosby Company ~ St. Louis 3, Mo. 


| The C. V. MOSBY Company 

| 3207 Washington Boulevard, St. Louis 3, Missouri 
| Dear Sir: 

| Please send me on 10 day approval the book(s) checked below. |! understand that if | am not completely satis- 
| fied, 2 can ame, Re book(s) within 10 days with no charge or obligation. If remittance is enclosed, publisher 
| poys e mailing charges. 

| () Gardner, DIAGNOSTIC ANATOMY 
| 

| 

| 

| 

| 


Date 


$10.00 

Prior-Silberstein, PHYSICAL DIAGNOSIS $ 7.50 
Payment enclosed Charge my account 
Name 
Address 
City Zone State 
Las-5-59 
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® Ideal for separation of: 
Concentrated solutions that would otherwise foam 
Heat and air sensitive solutions 
® Performs separations in a fraction of the time required by 
conventional methods 
© Easily disassembled to remove solute and also for cleaning 
PRICE COMPLETE (with Thermo Regulator), 
F.0.B. New York $330.00 


Continuous Model 
No. FE-2C 


FLASH 
EVAPORATOR 


Evaporation under 
reduced pressure— 
particularly valuable 
when aqueous 
solutions and high 
boiling solvents 
(e.g., butanol) 


a sed. 
Also available: FLASH EVAPORATOR FE-2. Regular model for ag 


single batches. Price complete $215.50 F.O.B. New York 


Write for 
additional 
information 


INSTRUMENTATION ASSOCIATES 
Distributors of Laboratory and Scientific Specialties 


17 West 6Oth Street New York 23, N.Y. 


and Menor Votes 


AGAIN AVAILABLE IN BOOK FORM! 


The keen interest displayed in previous volumes of Questions and Answers encouraged 
the publishers to continue this material as J.A.M.A. Queries and Minor Notes. Here in one 
volume, carefully selected for usefulness and general interest, is a collection of Queries and 
Minor Notes from the pages of the Journal of the American Medical Association published 
during the twelve months ending June, 1955. 

In selecting the material presented, queries were considered from a professional and 
physical standpoint. From the professional standpoint the following subjects were considered: 
Subject matter; Relevancy of subject matter; Technique; Teaching value; Elements introduced; 
Ethics; Distribution—Profession in general, Specialists only, Medical students, Hospitals, Lay 
people. 

From the physical standpoint: Method of presentation; Logical consequence; Clearness; 
Terminology; Unnecessary duplication; Date of production; Suggestions for improvement. 

The items are arranged according to the Standard Nomenclature of Diseases and Opera- 
tions which is the disease nomenclature recommended by the American Medical Association and 
used by approximately 85% of the hospitals in the country and in clinics, doctors’ offices, and 
x-ray and pathology laboratories. 


334 Pages. PRICE, $5.50. 


THE C. V. MOSBY COMPANY 
3207 Washington Blvd., St. Louis 3, Missouri 


Gentlemen: Send me J.A.M.A. QUERIES AND MINOR NOTES, priced at $5.50. 


Charge my account 


.. Attached is my check. 


. Street 


Las-5-59 
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This Just Published Mosby Book Presents All the 
Chemistry You Need as a Medical T echnologist 


Just Published 


Seiverd 


CHEMISTRY FOR MEDICAL 
TECHNOLOGISTS 


Offers a Functional Presentation of Theory and Practice 


Written specifically to meet your needs as a medical technologist, 
CHEMISTRY FOR MEDICAL TECHNOLOGISTS offers a functional 
presentation of all the essential chemistry, both theoretical and practical, 
which you need to know to perform your laboratory tests efficiently. In 
a streamlined, easy-to-read and easy-to-follow manner, the book covers 
elementary chemistry, urine analysis, blood analysis, spinal fluid anal- 


By CHARLES E. SEIVERD ysis and gastric and duodenal analysis. 


Chief Technologist, Doctor's 


The shows i s w asi o é 
Clinical Laberstery, ond O)- The author shows you in numbered steps how to easily perform each 
vector of Research, The Werizen of the more popular and commonly used methods of laboratory analysis 
Laboratories, Glendale, Arizona. Two recent surveys, the résumé of current practices in urine analysis 


dust Published, 1958. 
465 pages, 634” x 934”, 
63 illustrations. Price, $10.75 


conducted by the Indiana Society of Medical Technologists and the 
summary of the more popular methods of blood analysis conducted by 
the “Lab World” journal, were used as a basis for selection of tests in 
these two important areas. 


Unquestionably this book is an excellent source for reference and re- 
view. It includes an introductory section reviewing the “Essentials of 
Elementary Chemistry,” followed by a section of questions and answers, 
164 National Registry-type questions summarizing the material you 
need to know to pass the National Registry examination and reference 
pages covering the new and miscellaneous tests, general reagents and 
Leitz photometer reagents. You'll find this book essential reading be- 
cause it contains all the information you need under one cover 


Convenient Coupon to Order on 10 Day Appr!) 


| The C. V. MOSBY Company Re | 

3207 Washington Boulevard, St. Louis 3, Missouri 

| Dear Sir: | 

Please send me on 10 day approval Seiverd's CHEMISTRY FOR MEDICAL TECHNOLOGISTS, priced at 

$10.75. I understand that if I am not completely satisfied, I can return the book within 10 days with no charge 
| | 

or obligation. If remittance is enclosed, publisher pays the mailing charge. 
| C) Payment enclosed [) Charge my account 
| Name ‘ dis | 


Las-5-59 
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= The C. V. Mosby Company - St. Louis 3, Mo. 


The Singular Source for Isotopic 
Compounds. . per your exact specifications 


Over 550 labeled com: 


unds of guaranteed radiopurity 
regularly available inc 


uding: 


carbon-14 
sulfur-35 
phosphorus-32 
deuterium 
tritium 


Available by arrangement: 
a. Special packaging and sizes. 
b. Special forms; e.g., solu- 
tions for injection, crystal- 

line solids. 
c. High, low, or standard 


specific activity. 
Unconditional Quality Guarantee. 
Write for our new comprehensive 24-page catalog. 


\ Olk ES 5411 North Clark Street, Chicago 40, Ill. 


RELIABILITY is a must 
when tissue culture research 
demands special serums 


Tissue culture lab th 
the nation find the 
bility ...at Colorado Serum Co. 


Thirty-five years of serum production experience 
and constant research are embodied in every product 
To insure the highest quality in a wide selection 

of animal bloods and serums, Colorado Serum Co 
maintains @ variety of fine animals. 


Order with tid 
Serum Co. 


from Colorad. 


WRITE FOR 
FREE CATALOG 
TODAY 
No salesmon 
will call 


COLORADO |: SERUM CO. 


Leberatery ond General Office PEAK OF QUALITY 


4950 York Street —Denver 16, Colorade — MAin 3-5373 


Specially designed and produced for The 
Journal of Laboratory and Clinical Medi- 
cine, this file will keep one volume, or six 
clean, orderly and readily accessible. 
Picture this distinctive, sturdy Volume File 
on your bookshelf. Its rich red and green 
Kivar cover looks and feels like leather, and 
the 16-carat gold leaf hot-embossed lettering 
makes it a fit companion for your finest 
bindings. 


issues, 


Preserve Your Journals 
With This 


esse ones 


Volume File 


The Volume File is reasonably priced, in 
spite of its costly appearance. It is sent post- 
paid, carefully packed, for $2.50 each. Most 
subscribers will find it more convenient and 
economical to order 3 for $7.00 or 6 for 
$13.00. When ordering specify file for The 
Journal of Laboratory and Clinical Medicine. 
Send check with order. Satisfaction guaran- 
teed. Can be sent to U.S. and Possessions 
only. For prompt shipment, order direct 
from 


e55e Jones éx Hauck Wox Corp 


FOURTH AND THOMPSON STREETS, PHILADEL dive 3 22, PENN. 


: 
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SINCE 1945 


XENOPUS LAEVIS FROGS X-L_ FEMALE FROG PREGNANCY 
exclusively TEST 
NO SEASONAL VARIATIONS 
Combines highest accuracy — economy — speed. 


Test so simple requires minimum of technician’s 
time using either urine concentrate or blood 
serum. No microscope work required or surgery 
of the animal. Write for literature. Animal cost 
per test 10¢ to 15¢. 


JAY E. COOK, Importer 
Cockeysville, Maryland, U.S.A. 


bai TACONIC FARMS, Ine. 


Germantown, New York 
SWISS MICE Booklet Sent on Request 


WHITE MICE GUINEA PIGS RABBITS 
Swiss-Webster Cross—Very Docile Mouse 
Send for price list. References furnished on request. 


J. E. STOCKER Ramsey, N. J. Phone: DAvis 7-1064 


Fast Service. All orders shipped via air same day 
FROGS received. Live delivery guaranteed. 
Write for handbook giving full information 
Special Males for Pregnancy 


and Pre-operative Diego. Ex G. STEINHILBER & CO., INC. 
102 Josslyn Avenue (Est. 1922) Oshkosh, Wis. 


Live Male Rana Pipien Frogs, Direct from the Farm 


Be sure of year round supply, at lowest prices and fastest service available. Orders delivered within 36 
hours after we receive them. 


Male Rana Clamitan Frogs and Buffo Americanus Toads available during summer months. 

Male Buffo Marinus Toads available, the year round. 

vaboratory Manua ages with illustrations. te: testi i al oads ai 
Frogs, by Edward H. Hon, M.D., of Yale University. moe — ee 

Also reagents used in conducting pregnancy tests. 

For Information and prices, Phone or write: 

J. R. SCHETTLE FROG FARM, INC. Stillwater, Minnesota 
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— FROGS for PREGNANCY DIAGNOSIS 


Year ‘round supply of selected large, healthy, male frogs for latest pregnancy 
test (99% accuracy). Cost negligible. Negative test animals can be used 
repeatedly, Results in less than two hours, Prompt shipment anywhere, by air 
to distant points. Prices include screened shipping crates and boxes. 
Frogs. With complete directions for use and care. Dozen -___§ 7.50 
Laboratory Tank with Cover 
Isolation Jar, 5” x 7” with weighted metal cover 


hee | pregnancy test kit, complete, 14 items including 
2 live frogs 


Rana pipiens Est. NYSS@ 1919 
NEW YORK SCIENTIFIC SUPPLY CO. - - - - 28 West 30th St., New York 1, N.Y. 


Headquarters for Live Frogs 


LABORATORY | Aibine Rats from Wistar Strain 


Ibino 


ANIMALS Albing NZ Rabbits 


Hamsters >ALBINO FARMS 


since 1929 *stainiess steel watering tubes for P. 0. Bex 331 
laboratory animals BENT or STRAIGHT RED BANK, NEW JERSEY 


CHERRY HILL FARMS 


P.O. BOX 840, CAMDEN 1. N. J. 


RABBITS GUINEA PIGS 
Developed and housed to insure best results in all types of tests 
Continuous supply and prompt shipment FOB Indianapolis 
PAUL HAMM RABBITRY R.R.No. 4 TUcker 1-2188 Greenwood, Ind. 


HAMILTON LABORATORY ANIMALS, INC. 


Specialist in breeding of HLA Albino Rats and HLA Albino Swiss Mice. 
Prompt and efficient service. Dependable animals. 


7120 Pippin Road, Cincinnati 39, Ohio 


ABO RY 
7 
RATS 
GUINEA PIG 


(See also pages 40, 41) 


RATS © MICE 
Clean, Ventilated up to date Buildings- 
%,° Industrial Washing Machine, Steam 
oFARM Sterilizer - Regular Testing of Stock 
: for Detection of Disease. 


Send for brochure 
LABORATORY ANIMALS HEMLOCK HOLLOW FARM 
FOR SCIENTIFIC & MEDICAL USES 414 BLACK OAK RIDGE ROAD WAYNE NEW JERSEY 


DAN ROLFSMEYER CO. 


ALBINO RATS SWISS (ALBINO) MICE 
Price List on Request 
Route 3, Syene Roed, Madison 5, Wis. PHONE ALpine 6-6149 


ALBINO RATS & MICE, RABBITS & GUINEA PIGS 
“Our 44th Year—Time Proved Dependability” 


RESEARCH SUPPLY CO. : 


2436 West York St. Philadelphia 32, Pa. 


Male Frogs for Pregnancy Tests 


One dozen $3.50, or $3.00 per dozen for 2 dozen or more. Mealworms (food), thousand 
$3.35. Postage extra. Frog Bulletin and Scientific Supply Catalog on request. 


QUIVIRA SPECIALTIES CO. 
4204 W. 21st Street Topeka 32, Kansas 


NATIONAL LABORATORY ANIMAL CO. 


Reliable Animals for Significant Results 
RABBITS—GUINEA PIGS—~WHITE RATS—WHITE MICE 
Prompt Shipment from Pittsburgh, Pa. 

RD, Mars, Pa. Phone—NAtional 5-1955 


ZEIMET BIO-FARMS 
DOCILE GUINEA PIGS 


Route 4, Box 372 CHerry 9-4515 Madison 4, Wis. 
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SPECIAL DETERMINATIONS | BLICKMAN 


FOR CLINICAL LABORATORIES URES 
HORMONE ASSAYS 


s 
TOXICOLOGY 
ELECTROPHORESIS 
: AND CHEMISTRY 
AND LIPID SMISTRY 
® PORPHYRINS—P BI MICRO-BIOLOGICAL 
AIR MAIL SERVICE SAFETY CABINET 


with micro-biological 
Information, free schedules and mailing containers upon request filter canister 


CLINICAL LABORATORY 


OF LAS VEGAS 
P.O, BOX 1227 * LAS VEGAS, NEVADA 


Stainless steel enclosures 
for handling hazardous substances 
CHANGING YOUR ADDRESS ? SAFETY is the prime factor in this nouty 


designed special-purpose equipment. 
new enclosures make it easier and safer for 
When you move, please— the laboratory technician to a ~~. con- 
Joti = : taminants, infected animals and micro- 
radioactive substances an ive viruse 
3 r ease 
= describe your particular problem rite to 
—complete—including the Blickman, {nc., 9205 Gregory Avenue, 
(5) Please print your name and address. Weehawken, New Jersey. 


Thank You! BLICKMAN 
Circulation Department, The C. V. Mosby SAFETY ENCLOSURES 


Company, Publishers, 3207 Washington Blwd., Look for this symbol of quality 
St. Louis 8, Mo. 


SPECIALIZED OCELLANEOUS 
SERVICES 


Arsenic + Transaminase 

Lipids + Antistreptolysin 

7 DAYS Hemoglobin Identification 
Proteins by Electrophoresis 

A WEEK ' Serum Iron + tron Binding 

to Laboratories Capacity - Paternity Tests 
Copper + Magnesium 

all over 


North 
America ENDOCRINE ASSAYS 


Aldosterone + Catecholamines 
Serotonin + 17-Ketosteroids 
and Fractionations + Protein- 
Bound lodine + Estrogens 
Butanol Extractable lodine 
Pregnanediol Pregnanetriol 
Corticosteroids» Gonadotropins 


“The Bulletin of Laboratory Medicine” 
is published monthly by Biochemical Procedures to 
keep physicians and laboratorians abreast of current 
developments in the clinical laboratory field. Write 
for a complete set. 


|. # Please write for Fee Schedule & Mailing Containers 


IOCHEMICAL PROCEDURES 


12020 Chandler Boulevard ud 
North Hollywood, California 


. “The Laboratory for Laboratories” 
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Blickmon- Bult 


——VIRUS AND RICKETTSIA — Complement Fixation—— 


LIPID AND ENZYME CHEMISTRY 
SPECIAL CHEMICAL PROCEDURES—P.B.I.—Mineral—Organic 


72 to 96 hour service anywhere in the USA—Fee Schedules and Information on Request 
Clinical Laboratory of San Bernardino 


955 “D” Street, P. O. Box 329, San Bernardino, California 


INDEX TO ADVERTISERS 


Please mention “The Journal of Laboratory and Clinical Medicine” 


Albino Farms (Laboratory Animals) —_ 
Aloe Scientific, Division of A. S. Aloe 

Ames Company, Inc. 
Baltimore Biological Laboratory, Inc. ~~ 
Biochemical 


Chem-Tech Laboratories 
Cherry Hill Farms 


Clinical Laboratory of San 
Coleman Instruments, Inc. 
Cook, Jay E., Importer (Xenopus Lae- 

vis Frogs) 


Difeo 


Bernardino 


Kastman Kodak 


Farrand Optical Co., Ine. 


Gradwohl School of Laboratory Tech- 

Hamilton Laboratory Animals, Ine, ~~ 
Hamm Rabbitry, Paul (Rabbits and 

Harshaw Scientific, Division of The 


Harshaw Chemical Company 
Hartman-Leddon Company 
Hemlock Hollow Farm 

Animals) 
Hyland Laboratories 


Instrumentation 


Associates 


Klett Manufacturing 
Knickerbocker 


Biosales, Ine. 


when writing to our advertisers—it identifies you 
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26 
Lederle Laboratories, Division American 

23 
21 
Leo Pharmaceutical Products ~...~~-~-~-~ 30 
31 
Lourdes Instrument Corp. ~.-.-----~--- 7 
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Microbiological Associates, Inc. ~..~~~-~ 16 
National Laboratory Animal Co. ...... 42 
New York Scientific Supply Co. (Labo- 
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Research Supply Co. (Laboratory Ani- 

42 
Rolfsmeyer Co., Dan (Rats and Mice) 42 
Schettle Frog Farms, Ine, J R. 

40 
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Stocker, J. E. 
Taconic Farms, Inc. 
Technicon Company, The 
Technicon Company, The 
Thomas Company, 
Volk, Radio-Chemical Company 


Warner-Chilcott Laboratories 


(Laboratory 


Zeimet Bio-Farms (Guinea Pigs) 


While every precaution is taken to insure accuracy, we cannot guarantee against the 
possibility of an occasional change or omission in the preparation of this index, 


Arthur H. 


Animals) 40 
(Swiss Mice) 


REFERRED BIOCHEMICAL ANALYSES 


Electrophoresis for Protein Fractionation, Lipoprotein Fractionation, Abnormal 

Hemoglobins; Catecholamine determinations for adrenaline and noradrenaline; 
Transaminase levels; Hormone Assays; Protein-Bound Iodine 
determinations; Toxicological Assays; Antistreptolysin-O Titers; 

and other difficult and time-consuming tests. 

Services available nationally by Air Mail. Shipping containers with vials available on request 

Write for: List of Services, Literature, and Containers 


CHEM-TECH LABORATORIES 


NALYTICAL-CLINICAL-RESEARCH 


S. 1. DULKIN, 


2364-2364 SOUTH ROBERTSON BLVD. BEVERLY HILLS, CALIFORNIA 


OTTO E. LOBSTEIN, Px.D 
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Even the best-organized clinical laboratory by day must frequently resort 


to makeshift staffing for the fewer, but more urgent tests night-time 
emergencies demand. Not least of the advantages of AutoAnalyzer automation 

is the fact that it knows no hours. The same brisk efficiency and accuracy it 

brings to biochemical analysis during the day is equally available during the 
small hours. Any intelligent person can learn to run it without having to acquire 
chemistry skills. Serenely automatic, AutoAnalyzer demands no personal 
judgment, no subjective appraisal. The written record it yields is absolute. 
Best of all, the written record of the night’s work is reassuringly 

at hand in the morning for the pathologist himself to digest and approve. 


TECHNICON® 


Send for descriptive material and 
abstracts on AutoAnalyzer Metho- 
dology. Just a post-card will do. 


TECHNICON INSTRUMENTS CORPORATION 
Chauncey ° New York 


. 
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AN AMES CLINIQUICK’ 


TECHNICAL BRIEFS FOR THE CLINICAL LABORATORY 


What type of test 
should be employed 
in screening procedures? 


One that has proved dependable in terms of sen- 
sitivity and specificity,!:2 will reduce to a mini- 
mum retesting procedures,? and will indicate the 
presence or absence of disease in a rapid, reliable 
and inexpensive manner.3 


Source: (1) Diabetes Program Guide, U.S. Department of 
Health, Education, and Welfare, Chronic Disease Pro- 
gram, 1957, p. 18. (2) Packer, H., and Ackerman, R. F: 
Diabetes 7:312, 1958. (3) Ham, T. H.: A Syllabus of Lab- 
oratory Examinations in Clinical Diagnosis, Cambridge, 
Harvard University Press, 1950, p. 18. 


The standardized urine-sugar test 
for consistently reliable results 
test after test...day after day 


COLOR-CALIBRATED 


BRAND Reagent Tablets 


e standardized sensitivity: CLINITEST is adjusted to 
optimal sensitivity ...avoids confusing trace reac- 
tions that lead to needless retesting and to unwar- 
ranted glucose tolerance tests 


AM ES e standardized “plus” system: reliable quantitative 

eee estimations throughout the clinically significant 

Toronto * Canada range...includes critical readings %4% (++) 


and 1% (+++) 


e standardized readings: clear-cut color reaction in 
the established blue-to-orange spectrum...unvary- 
ing laboratory-controlled color scale 


a 
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